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4L q w u r g x f w l r q
Frqvlghu wzr yhu| vlplodu hfrqrplhv +D dqg E, lq 4<:3/ vkdulqj doprvw doo wkh
vdph pdunhwv iru lqsxwv dqg wudgdeohv11 Hfrqrp| D kdv vrphzkdw kljkhu
lqfrph shu fdslwd/ dq xqhpsor|phqw udwh vhyhudo srlqwv kljkhu/ dqg prvw
lpsruwdqwo|/ vxevwdqwldoo| orzhu zdjh lqhtxdolw|1 Qrz pryh iruzdug wzhqw|
|hduv wr 4<<3 dqg uhfrqvlghu wkh vdph hfrqrplhv1 Wkh lqfrph jds kdv qdu0
urzhg/ exw qrw ehhq holplqdwhg/ dqg wkh xqhpsor|phqw jds kdv uhpdlqhg/
dowkrxjk erwk kdyh kljkhu ohyhov1 Krzhyhu/ wkh sdwkv ri lqfrph lqhtxdolw|
kdyh ehhq txlwh glhuhqw1 Wkh iruphuo| pruh xqhtxdo hfrqrp| +E, kdv dfwx0
doo| h{shulhqfhg d uhgxfwlrq ri lqhtxdolw| ryhu wkh shulrg/ zkloh wkh lqlwldoo|
orz lqhtxdolw| hfrqrp| +D, kdv vhhq vxfk d odujh lqfuhdvh wkdw wkhlu uhodwlyh
srvlwlrqv kdyh ehhq uhyhuvhg1
Wklv vwru| grhv qrw w wkh xvxdo lpdjh ri wkh hyroxwlrq ri lqfrph lq0
htxdolw| gxulqj wkh 4<:3v dqg 4<;3v1 D pruh frpprq lpsuhvvlrq lv wkdw
wkh lqfuhdvh kdv rffxuuhg wkurxjkrxw wkh X1V1 hfrqrp| dqg hyhq wkurxjkrxw
wkh lqgxvwuldol}hg zruog1 Wklv dssduhqwo| frpprq h{shulhqfh kdv dfwxdoo|
iuxvwudwhg hpslulfdo zrun lqwr wkh vrxufhv ri wkh ryhudoo lqfuhdvh lq lqhtxdolw|
dv uhvhdufkhuv kdyh irxqg ihz lqgxvwulhv dqg ihz frxqwulhv zkhuh ghpdqg iru
ohvv0vnloohg zrunhuv kdv lqfuhdvhg1
Wkh ulvh lq zdjh lqhtxdolw| lq wkh Xqlwhg Vwdwhv gxulqj wkh 4<;3v kdv ehhq
zhoo0grfxphqwhg +Ohy| dqg Pxuqdqh/ 4<<5,1 Iljxuh 4 vkrzv wkh fkdqjh lq
orj zdjhv lq 4<;3 dqg 4<<3 uhodwlyh wr 4<:3 iru pdoh zrunhuv iurp wkh 8wk
wr wkh <8wk shufhqwlohv lq wkh glvwulexwlrq14 Iurp 4<:304<;3 zdjh hduqhuv
ehorz wkh 86ug shufhqwloh orvw jurxqg uhodwlyh wr wkrvh deryh wkhp1 Wkh
odujhvw uhodwlyh ghfolqhv rffxuuhg lq wkh 48wk wr 73wk shufhqwlohv zkloh wkh
odujhvw uhodwlyh jdlqv rffxuuhg lq wkh :80<3 udqjh1 Lq wkh 4<;3v/ uhodwlyh
zdjhv ghfolqhg iru wkh erwwrp wzr wklugv ri wkh glvwulexwlrq zkloh ulvlqj
vkduso| iru wkh wrs zdjh hduqhuv1 Wkh uhodwlyh zdjh pryhphqwv uhpdlq yhu|
vlplodu hyhq diwhu frqwuroolqj iru revhuydeoh fkdudfwhulvwlfv vxfk dv hgxfdwlrq/
udfh/ orfdwlrq/ dqg h{shulhqfh/ dv vkrzq lq Iljxuh 515 W k he r w w r pk d o ir iw k h
glvwulexwlrq ghfolqhv/ lq uhodwlyh whupv/ ehwzhhq 4<:3 dqg 4<;3/ zkloh ixoo|
;3( ri wkh glvwulexwlrq vxhuhg idoolqj uhodwlyh zdjhv iurp 4<;304<<31
4Wkh vdpsoh lv ghvfulehg lq vhfwlrq 51 Wkh jxuh vkrzv wkh uhodwlyh zdjh fkdqjh iru d
sduwlfxodu srlqw lq wkh zdjh glvwulexwlrq/ qrw iru dq lqglylgxdo zrunhu1 Jhrphwulf phdqv
kdyh ehhq uhpryhg iru doo |hduv1 wkh fkdqjh lq wkh jhrphwulf phdq zdv qhjdwlyh lq wkh
4<:3v dqg srvlwlyh lq wkh 4<;3v1
5Iljxuh 5 sorwv wkh glvwulexwlrq ri uhvlgxdov iurp wkh uhjuhvvlrqv lq Wdeoh 61Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 5
Wkhvh vwulnlqj fkdqjhv lq uhodwlyh zdjhv kdyh jhqhudwhg d odujh olwhudwxuh
e| zd| ri h{sodqdwlrq1 Lqghhg wkh vhdufk iru fxosulwv kdv qrz h{whqghg zruog0
zlgh dqg d jurzlqj erg| ri sdshuv kdyh dwwulexwhg ulvlqj xqhpsor|phqw lq
frqwlqhqwdo Hxursh wr vdph irufhv wkdw duh jhqhudwlqj ulvlqj lqhtxdolw| lq wkh
X1V1 dqg wkh X1N1+iru h{dpsoh/ vhh Ehupdq/ Erxqg/ dqg Pdfklq/ 4<<:,16
Lv lw wuxh wkdw zdjh lqhtxdolw| lqfuhdvhv kdyh rffxuuhg wkurxjkrxw wkh
lqgxvwuldol}hg zruogB Duh wkhuh dfwxdoo| hfrqrplhv wkdw h{shulhqfhg ghfolqhv
lq zdjh lqhtxdolw| gxulqj wklv shulrgB Lq wklv sdshu zh dujxh wkdw wkh ulvh
lq zdjh lqhtxdolw| kdv ehhq idu iurp xqlirup dprqj d vhw ri hfrqrplhv wkdw
duh wkrxjkw wr kdyh pdq| pruh vlplodulwlhv wkdq glhuhqfhv1 Lq sduwlfxodu/
h{dpsohv ri hfrqrplhv zlwk ghfolqlqj lqhtxdolw| iurp 4<:3 wr 4<<3 duh forvh
dw kdqg/ Ylujlqld +0:13(,/ Qruwk Gdnrwd +081<(,/ Qruwk Fdurolqd +0713(,/
Kdzdll +0713(,/ Jhrujld +061<(,/ Plvvlvvlssl +051;(,/ dqg Vrxwk Fdurolqd
+0416(,1 Hfrqrplhv zlwk gudpdwlfdoo| ulvlqj lqhtxdolw| ryhu wkh vdph shulrg
lqfoxgh Ruhjrq +5718(,/ Z|rplqj +5615(,/ Plfkljdq +541<(,/ Qhz \run
+531;(,/ dqg Shqqv|oydqld +5318(,17
Zh dujxh wkdw dq| wkhru| ri wkh ulvh lq lqfrph lqhtxdolw| lq wkh X1V1 dv
d zkroh vkrxog dovr eh fdsdeoh ri h{sodlqlqj wkh zlgh ydulhw| ri rxwfrphv
dfurvv lqglylgxdo vwdwhv1 Lq wklv sdshu zh uhylvlw wkh ghedwh ryhu wkh vrxufhv
ri wkh lqfuhdvh lq zdjh lqhtxdolw| lq wkh X1V1 e| irfxvlqj rq wkh hyroxwlrq ri
lqhtxdolw| lq glhuhqw oderu pdunhwv1 Sulru uhvhdufk rq lqhtxdolw| kdv doprvw
dozd|v dvvxphg wkdw zrunhuv fdq eh srrohg dfurvv uhjlrqv lq dq dwwhpsw wr
lghqwli| vrxufhv ri wkh lqfuhdvh lq uhodwlyh ghpdqg iru vnloohg zrunhuv18 D
nh| hohphqw lq rxu dqdo|vlv lv wkh h{whqw ri lqwhjudwlrq ri X1V1 oderu pdunhwv1
Li vkrfnv wr uhjlrqv duh wudqvplwwhg txlfno| wkurxjkrxw wkh hfrqrp|/ wkhq
uhjlrqdo oderu pdunhwv zloo surylgh olwwoh dgglwlrqdo lqirupdwlrq lq wkh vhdufk
6Wkhvh dxwkruv srlqw wr lqhtxdolw| lqfuhdvhv lq vrph ohvv0ghyhorshg frxqwulhv dv ixuwkhu
hylghqfh ri wkh zruogzlgh dvshfw ri wklv skhqrphqrq1
7Wkh lqhtxdolw| phdvxuh lv wkh <3043 glhuhqfh lq orj uhdo zdjhv diwhu frqwuroolqj iru
hgxfdwlrq/ h{shulhqfh/ udfh/ dqg rwkhu fkdudfwhulvwlfv1 Wkh qxpehuv duh wkh fkdqjhv lq
wkh <3043 glhuhqfh iurp 4<:304<<31
8Erxqg dqg Kro}hu +4<<9, dovr xvh wkh SXPV iurp wkh Ghfhqqldo Fhqvxv wr h{dplqh
wkh lpsruwdqfh ri uhjlrqdo vkrfnv rq froohjh2kljkvfkrro dqg eodfn2zklwh zdjh glhuhq0
wldov1 Wkh| qg lpsruwdqw hhfwv iurp orfdo ghpdqg vkrfnv dv zhoo dv vxsso| hhfwv iurp
pljudwlrq dw wkh wrs hqg ri wkh zdjh glvwulexwlrq1 Dgglwrqdo zrun xvlqj uhjlrqdo gdwd wr
h{dplqh lqhtxdolw| lqfoxgh Wrsho +4<<7, dqg Erumdv dqg Udph| +4<<8,1 Wkh iruphu xvhv
eurdg uhjlrqdo phdvxuhv wr glvfxvv wkh lpsdfw ri lppljudwlrq rq zdjhv1 Wkh odwwhu xvhv
zdjh gdwd rq phwursrolwdq duhdv wr dvvhvv wkh hhfw ri iruhljq frpshwlwlrq rq wkh uhwxuqv
wr hgxfdwlrq1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 6
iru wkh fdxvhv ri lqfuhdvlqj zdjh lqhtxdolw|1 Krzhyhu/ li vkrfnv wr uhjlrqdo
oderu ghpdqg +dqg vxsso|, duh rqo| vorzo| wudqvplwwhg wr wkh uhvw ri wkh
hfrqrp| wkhq zh fdq xvh wkhp wr lghqwli| lpsruwdqw vrxufhv ri wkh lqfuhdvhv
lq zdjh lqhtxdolw|1
Wkh odujh olwhudwxuh rq zdjh lqhtxdolw| kdv lghqwlhg d vhw ri srwhqwldo
fxosulwv1 Wkhvh w|slfdoo| lqfoxgh +urxjko| lq rughu ri surplqhqfh lq wkh olw0
hudwxuh, vnloo0eldvhg whfkqrorjlfdo fkdqjh +Erxqg dqg Mrkqvrq 4<<5> Ndw}
dqg Pxusk| 4<<5> Ehupdq/ Erxqg / dqg Julolfkhv/ 4<<7, lqwhuqdwlrqdo wudgh
+Erumdv dqg Udph|/ 4<<7/ 4<<8> Zrrg/ 4<<8,/ lppljudwlrq +Wrsho/ 4<<6,/
dqg oderu pdunhw lqvwlwxwlrqv vxfk dv xqlrqv dqg plqlpxp zdjh fkdqjhv
+GlQdugr/ Iruwlq/ dqg Ohplhx{/ 4<<9> Iruwlq dqg Ohplhx{/ 4<<:,1 Rqh gl!0
fxow| wkdw suhylrxv uhvhdufkhuv kdyh hqfrxqwhuhg lv wkh dssduhqwo| xeltxlwrxv
ulvh lq lqhtxdolw| erwk zlwklq dqg ehwzhhq jurxsv ri zrunhuv dqg lqgxvwulhv1
Wklv kdv ohg wr d jhqhudo frqvhqvxv dprqj uhvhdufkhuv wkdw fkdqjlqj ghpdqg
dfurvv lqgxvwulhv/ zlwk wkh srvvleoh h{fhswlrq ri lqwhuqdwlrqdo wudgh/ kdv qrw
sod|hg d vljqlfdqw uroh lq wkh ulvh lq zdjh glhuhqwldov19 H{dpsohv ri wkhvh
frqfoxvlrqv dsshdu iuhtxhqwo| lq wkh olwhudwxuh rq zdjh lqhtxdolw|=
Lw lv fohdu wkdw qrw yhu| pxfk ri wkh zdjh fkdqjhv ri wkh 4<;3*v
fdq eh h{sodlqhg 111 e| fkdqjhv lq wkh lqgxvwuldo zdjh vwuxfwxuh
ru lq wkh lqflghqfh ri xqlrqlvp1 Lw lv qhfhvvdu| wr irfxv111 rq
fkdqjhv lq uhodwlyh frpshwlwlyh zdjh ohyhov1
Erxqg dqg Mrkqvrq +4<<5,
Phdvxuhg fkdqjhv lq wkh doorfdwlrq ri oderu ghpdqg ehwzhhq
vhfwruv 111 fdq dffrxqw iru d odujh plqrulw| ri wkh vhfxodu ghpdqg
vkliwv lq idyru ri jurxsv zlwk ulvlqj uhodwlyh zdjhv1111Wkh pdmrulw|
ri wkh uhtxluhg ghpdqg vkliwv lq idyru ri pruh0hgxfdwhg zrunhuv
dqg ihpdohv uh hfw gl!fxow wr phdvxuh fkdqjhv lq zlwklq0vhfwru
uhodwlyh oderu ghpdqg1
Ndw} dqg Pxusk| +4<<5,
111 zh qg wkdw ohvv wkdq rqh0wklug ri wkh vkliw ri hpsor|phqw
iurp surgxfwlrq wr qrq0surgxfwlrq zrunhuv fdq eh dffrxqwhg iru
e| ehwzhhq0lqgxvwu| vkliwv1111
Ehupdq/ Erxqg/ dqg Julolfkhv +4<<7,
9Edvhg rq dqhfgrwdo hylghqfh +txhvwlrqlqj hfrqrplvwv dw frqihuhqfhv,/ zh kdyh irxqg
zlghvsuhdg/ li qrw xqlyhuvdo/ djuhhphqw zlwk wkh sursrvlwlrq wkdw furvv0lqgxvwu| hhfwv
duh qrw d vljqlfdqw vrxufh ri lqfuhdvhg lqhtxdolw|1 Krzhyhu/ lw lv kdug wr jhw lqglylgxdo
uhvhdufkhuv wr lghqwli| wkh flwdwlrqv wkdw duh wkh edvlv iru wklv rslqlrq1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 7
Lq wkhlu vxuyh| duwlfoh/ Ohy| dqg Pxuqdqh +4<<5, frqfoxgh hpskdwlfdoo|=
Krzhyhu/ wkh soljkw ri |rxqj/ ohvv hgxfdwhg pdohv fdqqrw eh
ylhzhg sulpdulo| dv d frqvhtxhqfh ri ghlqgxvwuldol}dwlrq1 Ghfolqhv
lq wkh uhodwlyh ghpdqg iru ohvv hgxfdwhg zrunhuv rffxuuhg zlwklq
lqgxvwulhv 0 prvw gudpdwlfdoo| zlwklq pdqxidfwxulqj zkhuh vhpl0
vnloohg mrev ghfolqhg dw d pxfk idvwhu udwh wkdq ryhudoo pdqxidf0
wxulqj hpsor|phqw1
Vxevhtxhqw uhvhdufk kdv riwhq vwduwhg iurp wkh dvvxpswlrq wkdw lqgxvwu|
ohyho fkdqjhv lq ghpdqg dw ehvw duh vpdoo frqwulexwruv wr wkh ryhudoo ulvh lq
lqhtxdolw|1 Krzhyhu/ doprvw doo ri wkh suhylrxv zrun rq wkh lqhtxdolw| ulvh
kdv irfxvhg rq wkh orqjlwxglqdo dvshfwv ri dq| jlyhq gdwd vhw dqg ljqruhg
yduldwlrqv dfurvv jhrjudsklf xqlwv1
Zk| kdyh hfrqrplvwv frqfoxghg wkdw fkdqjlqj lqgxvwu| pl{/ dqg lq sdu0
wlfxodu wkh orvv ri pdqxidfwxulqj mrev/ zdv qrw d pdmru idfwru lq wkh lqhtxdolw|
ulvhB Uhvhdufk rq wkh ulvh lq lqhtxdolw| kdv ehhq txlwh fduhixo derxw fuhdwlqj
dssursuldwh jurxsv e| zrunhu fkdudfwhulvwlfv +lqgxvwu|/ rffxsdwlrq/ hgxfd0
wlrq/ h{shulhqfh/ udfh/ dqg vh{, zlwk wkh qrwdeoh h{fhswlrq ri orfdwlrq1 Ndw}
dqg Pxusk| +4<<5,/ lq wkhlu kljko| lq xhqwldo sdshu rq wkh wrslf/ glylgh
zrunhuv lqwr 45 lqgxvwulhv/ 6 rffxsdwlrqv dqg ; jhqghu0hgxfdwlrq jurxsv1 Doo
wkhvh krzhyhu/ pdnh qr glvwlqfwlrq iru wkh orfdwlrq ri wkh lqglylgxdo 0 dq ds0
sursuldwh dvvxpswlrq li zdjhv dqg hpsor|phqw duh ghwhuplqhg e| qdwlrqdo/
lqwhjudwhg oderu pdunhwv1
Lq wklv sdshu/ zh frqvwuxfw phdvxuhv ri lqhtxdolw| iru hdfk vwdwh lq wkh
X1V11 Zkloh wkh lghqwlfdwlrq ri lqglylgxdo vwdwhv zlwk vhsdudwh oderu pdunhwv
lv qrw lghdo/: wkh h{whqw wr zklfk lqglylgxdo vwdwhv h{shulhqfh glvwlqfw vkrfnv
wr wkh oderu pdunhw zloo doorz xv wr lghqwli| wkh lpsruwdqfh ri wkrvh vkrfnv
lq wkh zlghqlqj ri wkh lqfrph glvwulexwlrq1 Rqh fdyhdw frqfhuqv djjuhjdwh
vkrfnv wkdw gr qrw glhu dfurvv vwdwhv1 Nuxjpdq +4<<8, dqg Ehupdq/ Erxqg/
dqg Pdfklq +4<<:, dujxh wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh kdv ehhq
shuydvlyh/ erwk zlwklq frxqwulhv dqg dfurvv frxqwulhv1 Lq rxu dssurdfk/ zh
zloo plvv djjuhjdwh vkrfnv zklfk pryh wkh zdjh glvwulexwlrq krprjhqhrxvo|
dfurvv vwdwhv1
:Lghqwli|lqj Frqqhfwlfxw dv d glvwlqfw oderu pdunhw iurp wkrvh lq Qhz \run/ Pdvvd0
fkxvhwwv ru Ukrgh Lvodqg lv qrw fruuhfw1 Wklv glvwlqfwlrq lv shukdsv vwloo suhihudeoh wr
dvvxplqj wkdw wkh pdunhw iru oderu lq Frqqhfwlfxw lv lqwhjudwhg zlwk Jhrujld/ Dul}rqd/
hwf1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 8
Zh frqfhqwudwh rq d vhw ri jxlglqj txhvwlrqv1 Grhv wkh ohyho ri zdjh
glvshuvlrq ydu| dfurvv uhjlrqvB Duh lqfuhdvhv lq lqhtxdolw| xqlirup dfurvv
vwdwhvB Duh lqfuhdvhv lq lqhtxdolw| sursruwlrqdo wr lqlwldo lqhtxdolw|B Grhv
wklv khwhurjhqhlw| dfurvv uhjlrqv doorz xv wr lghqwli| wkh vrxufhv ri ulvlqj
lqhtxdolw|B
Wkh sodq iru wkh sdshu lv txlwh vlpsoh1 Zh vwduw e| dvvhvvlqj wkh dv0
vxpswlrq wkdw uhjlrqdo oderu pdunhwv duh qrw zhoo lqwhjudwhg/ dw ohdvw ryhu
vkruw ru phglxp krul}rqv1 Wkhq/ zh surylgh hylghqfh rq wkh odujh yduldwlrq
lq lqhtxdolw| ri erwk uhwxuqv wr revhuydeoh fkdudfwhulvwlfv vxfk dv hgxfd0
wlrq dqg uhvlgxdo zdjh lqhtxdolw| +xqrevhuydeoh fkdudfwhulvwlfv, dfurvv vwdwhv
dw dq| srlqw lq wlph1 Zh wkhq grfxphqw wkh yduldwlrq lq wkh fkdqjhv ri
vwdwh uhvlgxdo zdjh lqhtxdolw| iurp 4<:304<<3 dqg dwwhpsw wr dvvrfldwh wkhvh
pryhphqwv zlwk frpprq h{sodqdwlrqv iru wkh lqhtxdolw| ulvh1
5 Hylghqfh rq wkh Lqwhjudwlrq ri X1V1 Oderu Pdunhwv
D nh| dvvxpswlrq zh zloo pdlqwdlq lq vhdufklqj iru fdxvhv ri wkh ulvh lq zdjh
lqhtxdolw| lv wkdw oderu pdunhwv lq wkh X1V1 duh lqwhjudwhg rqo| lq wkh orqj
uxq1
Wkhuh lv olwwoh uhfhqw uhvhdufk rq wkh h{whqw ri wkh lqwhjudwlrq ri oderu
pdunhwv dfurvv uhjlrqv lq wkh X1V11 Eodqfkdug dqg Ndw} +4<<5, frqvlghu wkh
frqvhtxhqfhv ri vwdwh0vshflf vkrfnv rq wkh sdwkv ri xqhpsor|phqw/ zdjhv/
dqg pljudwlrq ryhu ydulrxv krul}rqv1 Zkloh wkhlu frqfoxvlrqv vxssruw wkh
dujxphqw wkdw oderu pdunhwv duh lqwhjudwhg lq wkh orqj uxq +eh|rqg whq
|hduv,/ wkhuh duh vxevwdqwldo glvwxuedqfhv wr orfdo oderu pdunhwv lq wkh vkruw
dqg phglxp whup1 Eodqfkdug dqg Ndw} +4<<5, qg wkdw wkh hhfwv ri dq
hpsor|phqw vkrfn rq wkh xqhpsor|phqw udwh shdn dw wzr |hduv dqg duh
frpsohwho| glvvlsdwhg diwhu 9 |hduv1 Zdjhv vkrz d pruh shuvlvwhqw uhvsrqvh
zlwk wkh pd{lpdo ghfolqh rffxuulqj 9 |hduv diwhu d qhjdwlyh hpsor|phqw
vkrfn dqg vrph hhfwv olqjhulqj iru pruh wkdq 43 |hduv1
Zh surylgh wzr dgglwlrqdo slhfhv ri hylghqfh rq wkh lqwhjudwlrq ri uhjlrqdo
oderu pdunhwv1 Iluvw/ zh fdofxodwh wkh uhwxuqv wr glhuhqw ohyhov ri hgxfdwlrq
lq hdfk vwdwh1 Vwurqjo| lqwhjudwhg vwdwh oderu pdunhwv vkrxog qrw glvsod|
odujh/ shuvlvwhqw glhuhqwldov lq hgxfdwlrq uhwxuqv1 Qh{w/ zh hvwlpdwh wkh
uhodwlyh lpsdfw ri uhjlrqdo dqg lqgxvwu| hpsor|phqw vkrfnv wr sodqw0ohyho
zdjhv1 Li lqwhjudwlrq idlov lq wkh qhdu whup/ zh k|srwkhvl}h wkdw uhjlrqdo
hpsor|phqw vkrfnv vkrxog kdyh d vwurqjhu dqg pruh lpphgldwh lpsdfw rqXqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 9
zdjhv wkdq lqgxvwu| vkrfnv1
514 Shuvlvwhqfh ri hgxfdwlrq suhpld
Iru rxu vwdwh ohyho dqdo|vhv/ wkh gdwd rq zdjhv frphv iurp wkh Sxeolf Xvh
Plfur Vdpsohv iurp wkh Ghfhqqldo Fhqvxvhv ri 4<:3/ 4<;3/ dqg 4<<31 Wkh
vdpsohv ri wkh srsxodwlrq dydlodeoh iru wkrvh |hduv duh 4(/ 8(/ dqg 8(/
uhvshfwlyho|1 Zh uhvwulfw rxu dwwhqwlrq wr wkh uhdo zhhno| zdjhv ri qrq0
lppljudqw dgxow pdohv/ djhv 4;098 lqfoxvlyh/ hpsor|hg 47 zhhnv ru pruh
gxulqj wkh |hdu dqg qrw vhoi0hpsor|hg1 Zh xvh d vlpsoh zdjh uhjuhvvlrq/
hvwlpdwhg vhsdudwho| iru hdfk vwdwh iru hdfk |hdu=;
*?`` ' s E}Eh{shulhqfh/u d f h /h g x d w l r q /z h h n vz r u n h g /o r f d w l r q +4,
zkhuh }E lv d txduwlf lq h{shulhqfh dqg wkhuh duh wzr gxpp| yduldeohv iru
udfh +Eodfn dqg Klvsdqlf, dqg irxu iru hgxfdwlrq +Qr Kljk Vfkrro Ghjuhh/
Vrph Froohjh/ Froohjh Ghjuhh/ Dgydqfhg Ghjuhh ^9. |hduv ri whuwldu| hgxfd0
wlrq`,1 Wkh orfdwlrq yduldeoh lv d gxpp| iru uhvlghqwv rxwvlgh d phwursrolwdq
duhd +VPVD,1
Wkh hgxfdwlrq suhpld duh shufhqwdjh glhuhqfhv iurp wkh zdjhv ri d pdoh
zrunhu zlwk d kljk vfkrro ghjuhh lq wkh vdph vwdwh dqg duh uhsruwhg lq Wdeoh
41 Wkh suhpld vkrz vxevwdqwldo khwhurjhqhlw| dfurvv vwdwhv1 Lq 4<:3/ zrunhuv
zlwk d froohjh ghjuhh rq dyhudjh hduqhg 88( pruh wkdq kljk vfkrro judgxdwhv
lq Vrxwk Gdnrwd exw rqo| 5;( pruh lq Xwdk1 Wkh phdq vwdwh zdjh suhpld
iru d froohjh ghjuhh lq 4<:3 zdv 76( dqg wkh vwdqgdug ghyldwlrq dfurvv vwdwhv
zdv 81<(1 Vlploduo|/ lq 4<:3/ wkh qhjdwlyh hhfw ri qrw qlvklqj kljk vfkrro
udqjhg iurp 044( lq Qhydgd wr 067( lq Whqqhvvhh1
Lq 4<<3/ hgxfdwlrq suhpld frqwlqxhg wr vkrz vxevwdqwldo glvshuvlrq dfurvv
vwdwhv1 Wkh zdjh suhplxp iru d froohjh ghjuhh udqjhg iurp 5:( lq Z|rplqj
wr 85( lq Wh{dv1 Wkh phdq dqg vwdqgdug ghyldwlrq dfurvv vwdwhv zhuh 76(
dqg 915( uhvshfwlyho|1 Wkh udqjh ri suhpld dfurvv vwdwhv zdv vxevwdqwldo
iru doo ohyhov ri hgxfdwlrq iru doo |hduv/ vxjjhvwlqj wkdw/ dw d srlqw lq wlph/
uhjlrqdo oderu pdunhwv vxssruw yhu| glhuhqw uhodwlyh uhwxuqv wr hgxfdwlrq1
Wkh h{lvwhqfh ri glhuhqw hgxfdwlrq suhpld lq dq| |hdu pljkw eh h{sodlqhg
e| whpsrudu| vkrfnv wr wkh uhjlrqdo oderu pdunhwv1 Krzhyhu/ wkh suhpld duh
dovr txlwh shuvlvwhqw ryhu wlph1 Fruuhodwlrqv dfurvv ghfdghv w|slfdoo| udqjh
;Rxu vshflfdwlrq ri wkh orj zdjh uhjuhvvlrq iroorzv wkdw riwhq hpsor|hg lq wkh olwhud0
wxuh rq lqhtxdolw|1 +Vhh Mxkq/ Pxusk|/ dqg Slhufh/ 4<<6> dqg Jrwwvfkdon/ 4<<:,1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| :
iurp 318031;1< H{fhsw iru wkh cvrph froohjh* fdwhjru|/ doo wkh hgxfdwlrq suhpld
vkrz vljqlfdqw srvlwlyh fruuhodwlrqv ryhu wlph1 Iljxuhv 6 dqg 7 vkrz wkh
dgydqfhg ghjuhh dqg qr kljk vfkrro suhpld1 Wklv hylghqfh vxjjhvwv wkdw
hyhq ryhu 43 ru 53 |hdu lqwhuydov/ oderu pdunhwv lq glhuhqw vwdwhv gr qrw
dgmxvw wr htxdwh wkh uhwxuqv wr hgxfdwlrq143
515 Vwdwh dqg lqgxvwu| hpsor|phqw vkrfnv
Zh xvh sodqw ohyho gdwd iurp wkh pdqxidfwxulqj vhfwru wr h{soruh zkhwkhu
lqgxvwu| ru uhjlrqdo hpsor|phqw vkrfnv kdyh d juhdwhu lpsdfw rq zdjhv1 Zh
pdnh xvh ri wkh sodqw ohyho gdwd iurp wkh Dqqxdo Vxuyh|v ri Pdqxidfwxuhv
+DVP, iurp 4<:504<;: zklfk fryhuv zdjhv dqg hpsor|phqw dqg lqfoxghv
dssur{lpdwho| 83/333 sodqwv hdfk |hdu1 Zh hvwlpdwh dq htxdwlrq ri wkh irup/
{*?￿rR| ' _| n Eu{*?￿c* Mrc| n Eu{*?* M￿crc| n "￿rR| +5,
zkhuh {*?￿rR| lv wkh shufhqwdjh fkdqjh lq zdjhv dw sodqw R lq +50gljlw,
lqgxvwu|  lq vwdwh r iurp wlph |   wr |1 {*?￿c* Mrc| lv wkh fkdqjh lq
hpsor|phqw lq wkh lqgxvwu| rxwvlgh wkh vwdwh/ {*?* M￿crc| lv wkh fkdqjh lq
hpsor|phqw lq wkh vwdwh rxwvlgh wkh lqgxvwu|/ _| lv d yhfwru ri wlph gxpplhv/
dqg "￿rR| fdswxuhv doo rwkhu vkrfnv wr wkh sodqw1 Zh lqfoxgh < dqqxdo odjv ri
wkh hpsor|phqw fkdqjhv wr doorz iru vorz dgmxvwphqw ri zdjhv1 Wkh ghshq0
ghqw yduldeoh lv wkh shufhqwdjh fkdqjh lq wkh dyhudjh uhdo zdjh shu zrunhu dw
wkh sodqw ohvv wkh dyhudjh fkdqjh dfurvv doo sodqwv1 Iru hdfk sodqw/ wkh vwdwh
hpsor|phqw vkrfnv duh frqvwuxfwhg dv wkh shufhqwdjh fkdqjh lq hpsor|phqw
lq wkh vwdwh rxwvlgh wkh 50gljlw lqgxvwu| ri wkh sodqw1 Vlploduo| wkh lqgxvwu|
vkrfn lv wkh shufhqwdjh fkdqjh lq hpsor|phqw lq wkh vdph 50gljlw lqgxvwu|
rxwvlgh wkh vwdwh1 Erwk w|shv ri hpsor|phqw vkrfnv duh dgmxvwhg wr eh phdq
}hur lq jlyhq |hdu1
Lq xvlqj wklv vshflfdwlrq/ zh duh pdnlqj wkh dvvxpswlrq wkdw vkrfnv wr
lqglylgxdo sodqwv duh vpdoo uhodwlyh wr wkh oderu pdunhw dv d zkroh1 Lq dggl0
wlrq/ zh duh dvvxplqj wkdw dqqxdo fkdqjhv lq wkh zdjh duh gulyhq h{foxvlyho|
e| vkrfnv wr oderu ghpdqg1 Li/ dv zh vxvshfw/ oderu ghpdqg vkrfnv wr wkh
uhjlrq uhjdugohvv ri lqgxvwu| duh uhodwlyho| pruh lpsruwdqw wkdq qdwlrqzlgh
<Wkh vlqjoh h{fhswlrq lv cvrph froohjh* zkhuh wkh fruuhodwlrq zdv 3137 ehwzhhq 4<:3
dqg 4<;31 Wklv uhvxow lv gulyhq odujho| e| Z|rplqj dqg Dodvnd1
43Rqh remhfwlrq wr wklv lqwhusuhwdwlrq lv wkdw wkh yduldwlrq lq vwdwh hgxfdwlrq suhpld
phuho| uh hfwv wkh txdolw| ri hgxfdwlrq surylghg lq wkh vwdwh zklfk lv lwvhoi shuvlvwhqw ryhu
wlph1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| ;
lqgxvwu| oderu ghpdqg vkrfnv/ zh vkrxog h{shfw wr vhh odujhu frh!flhqwv rq
uhfhqw odjv ri wkh vwdwh hpsor|phqw fkdqjhv/ dqg orzhu/ ghod|hg uhvsrqvhv wr
lqgxvwu| hpsor|phqw fkdqjhv1
Wkh uhvxowv iru wkh uhjuhvvlrq duh suhvhqwhg lq Wdeoh 5 dqg wkh fxpxodwlyh
hhfw ri d 4( qhjdwlyh hpsor|phqw fkdqjh lv vkrzq lq Iljxuh 61 Wkh uhvsrqvh
sdwk iru wkh wzr w|shv ri zdjh vkrfnv lv txlwh glhuhqw dqg lq dffrug zlwk wkh
suhglfwlrq wkdw uhjlrqdo oderu pdunhwv fohdu pxfk pruh txlfno| wkdq qdwlrqdo
oderu pdunhwv1 Zdjhv lpphgldwho| idoo pruh wkdq wzlfh dv pxfk lq uhvsrqvh
wr d vwdwh hpsor|phqw vkrfn wkdq dq lqgxvwu| vkrfn1 Wkh zdjh uhvsrqvh
wr d 4( ghfuhdvh lq vwdwh hpsor|phqw shdnv dw 3154( diwhu 6 |hduv ehiruh
judgxdoo| glplqlvklqj1 Lqgxvwu| vkrfnv duh ixoo| ihow rqo| diwhu ; |hduv1 Wkh
uhvsrqvh ri sodqw zdjhv frqupv rxu k|srwkhvlv wkdw oderu pdunhwv fohdu
rqo| orfdoo| lq wkh vkruw uxq dqg wkdw vkrfnv duh wudqvplwwhg qdwlrqdoo| rqo|
diwhu orqj ghod|v144
Lq wklv vhfwlrq/ zh kdyh dvvhpeohg hylghqfh wkdw vwdwh oderu pdunhwv duh
qrw zhoo lqwhjudwhg lq wkh vkruw ru phglxp whup1 Wkh shuvlvwhqfh ri uhjlrqdo
hpsor|phqw vkrfnv rq uhodwlyh zdjhv/ wkh pdjqlwxgh dqg shuvlvwhqfh ri wkh
vwdwh hgxfdwlrq suhpld/ dqg wkh uhodwlyh lpsruwdqfh ri uhjlrqdo udwkhu wkdq
lqgxvwu| vkrfnv wr hpsor|phqw rq orfdo zdjhv doo ohdg xv wr frqfoxgh wkdw
vkrfnv wr vwdwh oderu pdunhwv zloo kdyh lpsruwdqw hhfwv rq wkh ohyho dqg
glvwulexwlrq ri zdjhv1
6 Uhwxuqv wr Revhuydeoh Fkdudfwhulvwlfv
Wkh olwhudwxuh rq ulvlqj zdjh lqhtxdolw| kdv lghqwlhg vhyhudo glvwlqfw wuhqgv
lq wkh gdwd1 Dv qrwhg e| qxphurxv dxwkruv/ wkh ryhudoo lqfuhdvh lq zdjh
glvshuvlrq frqvlvwv ri dw ohdvw wzr glvwlqfw skhqrphqd1 Rqh lv wkh lqfuhdvh
lq uhwxuqv wr revhuydeoh zrunhu fkdudfwhulvwlfv vxfk dv h{shulhqfh dqg hgxfd0
wlrq1 Wkh vhfrqg lv wkh gudpdwlf ulvh lq zlwklq0jurxs lqhtxdolw|/ wkh vr0fdoohg
uhwxuqv wr vnloo1 Lq wkh uhvw ri wklv sdshu/ zh frqfhqwudwh doprvw h{foxvlyho|
rq wkh lqfuhdvh lq wkh uhwxuqv wr xqrevhuyhg vnloo dqg ohdyh dvlgh wkh lvvxh
ri wkh lqfuhdvlqj uhwxuqv wr hgxfdwlrq1 Vlqfh/ e| ghqlwlrq/ vnloo lv qrw gl0
uhfwo| revhuydeoh/ zh iroorz rwkhuv lq wkh oderu olwhudwxuh +vhh Mxkq/ Pxusk|/
dqg Slhufh/ 4<<6> Jrwwvfkdon/ 4<<:, dqg fdofxodwh wkh uhwxuqv wr vnloo dv wkh
uhvlgxdo iurp d vwdqgdug zdjh uhjuhvvlrq1
44Zh kdyh dovr uxq wkh sodqw zdjh uhjuhvvlrqv lqfoxglqj vkrfn wr wkh rzq lqgxvwu|0vwdwh1
Wkh uhvxowv gr qrw fkdqjh1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| <
Zh djdlq hvwlpdwh wkh zdjh uhjuhvvlrq vhsdudwho| iru wkh wkuhh Fhqvxv
|hduv/ srrolqj wkh gdwd dfurvv vwdwhv exw doorzlqj iru yduldwlrq lq vwdwh phdq
zdjhv145 Wkh zdjh uhjuhvvlrq lv ri wkh irup jlyhq lq Htxdwlrq 4 dqg wkh
uhvxowv duh jlyhq lq Wdeoh 6146
Wkh zhoo0nqrzq sdwwhuq ri uhwxuqv wr revhuydeoh fkdudfwhulvwlfv duh hy0
lghqw lq wkhvh uhjuhvvlrqv1 Lq 4<:3/ uhodwlyh wr kljk vfkrro judgxdwhv/ phq
zlwkrxw kljk vfkrro ghjuhhv hduqhg doprvw 55( ohvv/ zkloh froohjh ghjuhh
kroghu hduqhg doprvw 77( pruh1 Phq zlwk vrph froohjh hduqhg d pruh prg0
hvw zdjh suhplxp ri 44( zkloh lqglylgxdov zkr dftxluhg dgglwlrqdo whuwldu|
hgxfdwlrq jdlqhg rq dyhudjh dq h{wud 8( deryh froohjh ghjuhh kroghuv1 Re0
vhuydeohv h{sodlq 64( ri wkh ryhudoo yduldwlrq lq orj zdjhv lq 4<:3147
Lq jhqhudo/ wkh 4<;3 uhvxowv frqup sulru uhvhdufk dqg vkrz d prghvw
ghfolqh lq wkh suhplxp iru whuwldu| hgxfdwlrq uhodwlyh wr kljk vfkrro ghjuhh
kroghuv dv zhoo dv d voljkw zruvhqlqj ri wkh uhodwlyh srvlwlrq ri phq zlwkrxw
kljk vfkrro ghjuhhv1 E| 4<<3/ krzhyhu/ wkh uhwxuqv wr hgxfdwlrq kdg fkdqjhg
vljqlfdqwo|1 Wkh zdjhv iru phq zlwkrxw d kljk vfkrro ghjuhh kdg ghfuhdvhg
ixuwkhu/ zkloh wkh uhwxuqv wr d froohjh ghjuhh urvh ryhu 43(/ dqg wkh uhwxuqv
iru ixuwkhu whuwldu| hgxfdwlrq kdg mxpshg doprvw 53(1 Lq 4<<3 revhuydeoh
fkdudfwhulvwlfv h{sodlqhg 73( ri ryhudoo zdjh yduldwlrq/ d vl}deoh lqfuhdvh
iurp erwk 4<:3 dqg 4<;31
7 Uhvlgxdo Zdjh Lqhtxdolw|= Wkh Qdwlrq
Zkloh wkh uhjuhvvlrqv lq Wdeoh 6 vkrz sduw ri wkh vwru| ri wkh lqfuhdvh lq
lqhtxdolw|/ wkh exon ri wkh yduldwlrq lq zdjhv uhpdlqv xqh{sodlqhg e| re0
vhuydeoh zrunhu fkdudfwhulvwlfv1 Lqfuhdvlqj uhwxuqv wr hgxfdwlrq rqo| h{sodlq
sduw ri wkh ryhudoo lqfuhdvh lq zdjh lqhtxdolw|1 Iurp wkh uhjuhvvlrqv/ zh
fdofxodwh wkh glvwulexwlrq ri wkh zdjh uhvlgxdo dqg frqvlghu wkh fkdqjhv lq
wkh glvwulexwlrq ryhu wkh shulrg1 Zh frqvlghu wkuhh phdvxuhv ri wkh uhvlgxdo
glvwulexwlrq ri orj zhhno| zdjhv/ wkh <3043 zdjh glhuhqwldo dqg wkh <3083
dqg 83043 glhuhqwldov1
45Wklv pljkw vhhp rgg diwhu rxu glvfxvvlrq ri wkh pdjqlwxgh ri vwdwh hgxfdwlrq suhpld1
Krzhyhu/ qrqh ri wkh uhvxowv rq uhvlgxdo zdjh lqhtxdolw| duh vhqvlwlyh wr zkhwkhu zh
hvwlpdwh lqglylgxdo vwdwh uhjuhvvlrqv ru d srrohg qdwlrqdo uhjuhvvlrq1
46Doorzlqj iru lqwhudfwlrq whupv ehwzhhq wkh h{shulhqfh ixqfwlrq dqg rwkhu yduldeohv
glg qrw fkdqjh wkh uhvxowv rq uhvlgxdo lqhtxdolw|1
47Wkurxjkrxw wklv sdshu zh uhvwulfw rxu glvfxvvlrq wr wkh hgxfdwlrq yduldeohv dprqj
revhuydeoh fkdudfwhulvwlfv1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 43
Wkh wrs sdqho ri Wdeoh 7 uhsruwv wkh ohyhov dqg fkdqjhv lq wkrvh phdvxuhv
iru wkh wkuhh |hduv dqg wzr lqwhuydov iurp wkh srrohg qdwlrqdo uhjuhvvlrq1
Jlyhq wkh odujh olwhudwxuh rq wkh lqfuhdvh lq zlwklq jurxs lqhtxdolw|/ lw lv qrw
vxusulvlqj wkdw zh dovr qg d odujh lqfuhdvh lq uhvlgxdo zdjh lqhtxdolw| dv
phdvxuhg e| wkh <3043 glhuhqwldo lq wkh 4<:3v +718(,/ dqg hvshfldoo| lq wkh
4<;3v +:16(,148 Fkdqjhv lq wkh 4<:3v duh vsolw hyhqo| ehwzhhq lqfuhdvhv dw
wkh wrs dqg erwwrp zkloh gxulqj wkh 4<;3v lqfuhdvhv lq lqhtxdolw| dw wkh wrs
kdoi ri wkh glvwulexwlrq zhuh wzlfh dv odujh dv wkrvh lq wkh erwwrp kdoi1
Lq wkh erwwrp sdqho ri Wdeoh 7/ zh frpsxwh rxu wkuhh uhvlgxdo lqhtxdolw|
phdvxuhv diwhu doorzlqj doo wkh uhwxuqv wr revhuydeoh fkdudfwhulvwlfv wr ydu|
dfurvv vwdwhv1 Wklv vshflfdwlrq ohwv xv vhh krz pxfk ri wkh lqfuhdvh lq
lqhtxdolw| lv gxh wr vwdwh0vshflf fkdqjhv lq wkh uhwxuqv wr djh/ hgxfdwlrq
hwf1 Doorzlqj wkh uhwxuqv wr lqglylgxdo fkdudfwhulvwlfv wr ydu| dfurvv vwdwhv
grhv uhgxfh uhvlgxdo zdjh lqhtxdolw| iru wkh frxqwu| dv d zkroh1 Krzhyhu/
wkh pdjqlwxgh ri wkh uhgxfwlrq lv txlwh vpdoo dqg wkh fkdqjhv ryhu wlph duh
xqdhfwhg1 Iru wkh uhpdlqghu ri wkh sdshu/ zh frqvlghu rqo| wkh glvwulexwlrq
iurp wkh srrohg uhjuhvvlrq1
8 Uhvlgxdo Zdjh Lqhtxdolw|= Wkh Vwdwhv
Wkxv idu zh kdyh frquphg wkh ulvh lq uhwxuqv wr hgxfdwlrq ryhu wlph dv zhoo
dv wkh lqfuhdvh lq uhvlgxdo lqhtxdolw| dw wkh qdwlrqdo ohyho gxulqj erwk wkh
4<:3v dqg wkh 4<;3v1 Krzhyhu/ lq Vhfwlrq 5/ zh dujxhg wkdw zkloh uhjlrqdo
oderu pdunhwv duh lqwhjudwhg ryhu orqj krul}rqv/ wkh| glvsod| vxevwdqwldo hyl0
ghqfh ri vhjuhjdwlrq lq wkh vkruw uxq dqg phglxp uxq1 Wr xvh wkh lqirupdwlrq
rq lqglylgxdo vwdwhv/ zh frqvwuxfw phdvxuhv ri wkh <3043 glhuhqwldo iru hyhu|
vwdwh +soxv wkh Glvwulfw ri Froxpeld, lq hdfk ri rxu wkuhh |hduv +vhh Wdeoh 8,1
Zkloh wkh qdwlrqdo <3043 glhuhqwldo zdv 41497 lq 4<:3/ wkh vdph phdvxuh
iru wkh vwdwhv udqjhg iurp 41346 lq Frqqhfwlfxw wr 414;; lq Rnodkrpd +wkh
phgldq vwdwh, wr 4169< lq Orxlvldqd dqg d skhqrphqdo 41967 lq Dodvnd1 Wkh
dyhudjh vwdwh <3043 glhuhqfh zdv 414<8 zlwk d furvv0vwdwh vwdqgdug ghyldwlrq
ri 4417(1
Wkh jxuhv iru 4<;3 dqg 4<<3 vkrz vlplodu khwhurjhqhlw| dfurvv vwdwhv1
Lq 4<;3/ uhvlgxdo lqhtxdolw| udqjhg iurp 413;9 lq Qhz Kdpsvkluh wr 41548 lq
48Wkhvh lqfuhdvhv duh vrphzkdw vpdoohu wkdq wkrvh uhsruwhg hovhzkhuh/ l1h1 Ndw} dqg
Pxusk| +4<<5,1 Wklv glhuhqfh lv prvw olnho| gxh wr wkh idfw wkdw zh doorz wkh frh!flhqwv
rq lqglylgxdo fkdudfwhulvwlfv wr ydu| ryhu wlph1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 44
Xwdk +phgldq, wr 41936 lq Dodvnd1 Wkh vwdwh phdq kdg lqfuhdvhg wr 41555
zlwk d gurs lq wkh vwdqgdug ghyldwlrq wr <14(1 Whq |hduv odwhu/ wkh dyhu0
djh <3043 glhuhqwldo kdg lqfuhdvhg gudpdwlfdoo| wr 415:7 dqg wkh glvshuvlrq
uhpdlqhg uhodwlyho| xqfkdqjhg +;16(,1 Dv zlwk wkh hgxfdwlrq suhpld/ wkh
uhwxuqv wr xqrevhuyhg vnloo ydulhg zlgho| dfurvv vwdwhv lq hyhu| |hdu1
814 Lqfuhdvlqj dqg ghfuhdvlqj lqhtxdolw|
Wkh yduldwlrq lq wkh ohyhov ri lqhtxdolw| dfurvv vwdwhv gzduiv wkh fkdqjhv lq
qdwlrqdo lqhtxdolw| ryhu wlph1 Lq dq| ri wkh wkuhh |hduv/ d odujh qxpehu ri
vwdwhv kdyh <3043 glhuhqwldov vxevwdqwldoo| deryh ru ehorz wkh qdwlrqdo dy0
hudjh1 Lq dgglwlrq/ vwdwhv iroorz yhu| glhuhqw sdwkv ryhu wlph erwk lq whupv
ri ohyhov dqg udqnlqjv1 Jhrujld vwduwv zlwk wkh <wk kljkhvw ohyho ri lqhtxdolw|
lq 4<:3/ exw e| 4<<3 Jhrujld udqnv 65qg dqg lqhtxdolw| kdv idoohq doprvw 7(
lq wkh vwdwh1 Lq frqwudvw Qhz \run pryhv 58 sodfhv iurp 48wk orzhvw wr 45wk
kljkhvw zlwk dq lqfuhdvh ri pruh wkdq 53( lq wkh <3043 glhuhqwldo1 Lq idfw/
wkh fkdqjhv ri vwdwh zdjh lqhtxdolw| vkrz dw ohdvw dv pxfk khwhurjhqhlw| dv
wkh ohyhov wkhpvhoyhv1
Zkloh wkhuh lv qr grxew wkdw uhvlgxdo lqhtxdolw| zdv ulvlqj dw wkh qdwlrqdo
ohyho gxulqj wkh 4<:3v/ 4; vwdwhv dfwxdoo| h{shulhqfhg d ghfolqh lq lqhtxdolw|
gxulqj wkh ghfdgh +vhh Wdeoh 9,1 Dw wkh rwkhu h{wuhph/ 9 vwdwhv kdg lq0
htxdolw| lqfuhdvhv dw wzlfh wkh qdwlrqdo udwh1 Hyhq gxulqj wkh 4<;3v/ d wlph
ri gudpdwlfdoo| lqfuhdvlqj lqhtxdolw| iru wkh frxqwu| dv d zkroh +:16(,/ 5
vwdwhv vdz lqhtxdolw| ghfuhdvh/ dqg : rwkhuv kdg lqfuhdvhv ri ohvv wkdq 6(1
Lq idfw/ 69 vwdwhv kdg vorzhu lqhtxdolw| lqfuhdvhv wkdq wkh qdwlrq1 Iru wkh
hqwluh wzhqw| |hdu shulrg/ zkloh wkh qdwlrqdo <3043 uhvlgxdo lqfuhdvhg ryhu
44(/ : vwdwhv kdg qhw ghfolqhv lq lqhtxdolw|1 Wkh orfdwlrqv ri vwdwhv zlwk
wkh kljkhvw dqg orzhvw lqhtxdolw| fkdqjhv fdq eh vhhq fohduo| lq Iljxuh 91 Lq
erwk ghfdghv/ vwdwhv zlwk gdunhu vkdglqj/ uhsuhvhqwlqj wkrvh zlwk wkh odujhvw
ulvhv lq lqhtxdolw|/ duh jhrjudsklfdoo| foxvwhuhg durxqg wkh Juhdw Odnhv1 Rq
wkh rwkhu kdqg/ wkh vwdwhv zlwk wkh orzhvw lqhtxdolw| ulvhv/ ru ghfuhdvhv/ duh
pruh olnho| wr eh lq wkh Vrxwkhdvw1
Lqfuhdvhv lq lqhtxdolw| duh fruuhodwhg lq wkh 4<:3v dqg 4<;3v1 Vwdwhv zlwk
kljkhu wkdq dyhudjh lqhtxdolw| lqfuhdvhv lq wkh uvw ghfdgh zhuh pruh olnho|
wr dovr kdyh deryh dyhudjh lqfuhdvhv lq wkh 4<;3v +Vhh Iljxuh :, exw wkh|
h{sodlq rqo| 5:( ri wkh ryhudoo yduldwlrq lq vwdwh lqhtxdolw| jurzwk lq wkh
4<;3v1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 45
815 Wkh h{wuhph vwdwhv dqg wkhlu lpsruwdqfh
Wdeoh 9 uhsruwv wkh vwdwh fkdqjhv lq zdjh lqhtxdolw| vruwhg e| shuirupdqfh
gxulqj hdfk ghfdgh1 Wkh wzhoyh h{wuhph vwdwhv/ vl{ zlwk elj lqfuhdvhv dqg vl{
zlwk ghfolqhv ru vpdoo lqfuhdvhv/ duh kljkoljkwhg lq erogidfh1 Wkh glhuhqfhv
ehwzhhq wkh wzr jurxsv duh vwulnlqj1 Wkh vl{ zlwk wkh eljjhvw lqfuhdvhv lq
wkh 4<;3v +Qhz \run/ Loolqrlv/ Shqqv|oydqld/ Plfkljdq/ Rklr/ dqg Plqqhvrwd,
duh doo odujh lqgxvwuldol}hg vwdwhv zkr vxhuhg glvsursruwlrqdwho| iurp wkh
uhfhvvlrq lq wkh ehjlqqlqj ri wkh ghfdgh dqg zkr orvw odujh qxpehuv ri pdq0
xidfwxulqj mrev1 Wkh vl{ ehvw shuiruphuv +Ghodzduh/ Plvvlvvlssl/ Dodedpd/
Pdu|odqg/ Ylujlqld/ dqg Jhrujld, duh prvwo| vrxwkhuq vwdwhv zkr h{sdqghg
pdqxidfwxulqj hpsor|phqw gxulqj wkh ghfdgh1
Zkloh wkhuh lv olwwoh grxew wkdw vwdwhv h{shulhqfhg yhu| glhuhqw fkdqjhv
lq uhvlgxdo lqhtxdolw|/ lw lv qrw lpphgldwho| iroorz wkdw wklv khwhurjhqhlw|
zdv lpsruwdqw iru wkh qdwlrqdo lqfuhdvh1 Wr txdqwli| wkh lpsruwdqfh ri wkh
lqglylgxdo vwdwhv/ zh fdofxodwh wkh <3043 glhuhqwldo zlwk dqg zlwkrxw wkh
jurxsv ri vwdwhv wkdw kdg wkh eljjhvw dqg vpdoohvw fkdqjhv1 Wdeoh : uhsruwv
wkh <3043 glhuhqwldov iru doo vwdwhv wrjhwkhu dqg wzr jurxsv ri 77 +rqh zlwkrxw
wkh wrs vl{ dqg rqh zlwkrxw wkh erwwrp vl{,
H{foxglqj wkh vl{ vwdwhv zlwk wkh orzhvw jurzwk lq zdjh lqhtxdolw|/ wkh
ryhudoo lqfuhdvh iru wkh X1V1 zrxog kdyh ehhq 4<19( kljkhu gxulqj wkh 4<:3v
dqg <19( kljkhu lq wkh 4<;3v1 Wkh vwdwhv wkdw kdg wkh odujhvw lqfuhdvhv lq
zdjh lqhtxdolw| gxulqj wkh 4<;3v kdg dq hyhq odujhu hhfw rq wkh djjuhjdwh
phdvxuh1 Lqhtxdolw| lqfuhdvhv zrxog kdyh ehhq 69( orzhu lq wkh 4<:3v dqg
56( orzhu lq wkh 4<;3v zlwkrxw wkh lqfuhdvhv dw wkhvh vl{ vwdwhv1 Wkhvh
uhvxowv vxjjhvw wkdw wkh khwhurjhqhlw| lq vwdwh rxwfrphv zdv dq lpsruwdqw
ghwhuplqdqw lq wkh qdwlrqdo lqhtxdolw|1
816 Phdq uhyhuvlrq
Lw lv srvvleoh wkdw wkh khwhurjhqhlw| lq vwdwh rxwfrphv phuho| uhsuhvhqw phdq
uhyhuvlrq wr d frpprq ohyho ri lqhtxdolw|1 Uhjuhvvlqj wkh fkdqjh lq lqhtxdolw|
rq wkh lqlwldo ohyho/ zh qg wkdw lq wkh 4<:3v vwdwhv zlwk kljkhu wkdq dyhudjh
lqlwldo ohyhov ri lqhtxdolw| vkrzhg ghfuhdvhv/ ru vpdoohu lqfuhdvhv/ zkloh orz
lqhtxdolw| vwdwhv whqghg wr h{shulhqfh pruh udslg lqfuhdvhv +vhh Wdeoh ;,1
Vwdwhv zlwk 43( kljkhu lqlwldo ohyhov lq 4<:3 kdg/ rq dyhudjh/ d 716( orzhu
ulvh lq lqhtxdolw| ryhu wkh iroorzlqj ghfdgh1 Lqlwldo ohyhov h{sodlq ryhu 73( riXqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 46
wkh yduldwlrq lq vwdwh shuirupdqfh149
E| frqwudvw/ lq wkh 4<;3v lqlwldo ohyhov h{sodlq rqo| ;( ri wkh vxevhtxhqw
pryhphqw lq lqhtxdolw| dfurvv vwdwhv1 Wkh uhodwlrqvkls ehwzhhq lqlwldo zdjh
glhuhqwldov dqg vxevhtxhqw fkdqjhv zdv vwloo qhjdwlyh/ exw rq dyhudjh d 43(
kljkhu lqlwldo zdjh glhuhqwldo lq 4<;3 zdv dvvrfldwhg zlwk rqo| 418( orzhu
lqfuhdvh ryhu wkh iroorzlqj ghfdgh1 Zh fdq frqfoxgh wkdw wkh yduldwlrq lq
vwdwh shuirupdqfh lq wkh 4<;3v zdv qrw vlpso| d uhvxow ri phdq uhyhuvlrq lq
lqhtxdolw|1
9 Wkh H{sodqdwlrqv
Wkh suhfhglqj vhfwlrqv vkrz wkdw vkrfnv wr uhjlrqdo oderu pdunhwv shuvlvw
ryhu wkh vkruw dqg phglxp uxq dqg wkdw vwdwhv kdg ydvwo| glhuhqw rxwfrphv
lq whupv ri zdjh lqhtxdolw| gxulqj wkh 4<:3v dqg 4<;3v1 Lq wklv vhfwlrq/ zh
uhfrqvlghu h{lvwlqj h{sodqdwlrqv ri wkh ulvh lq zdjh lqhtxdolw| xvlqj vwdwh ohyho
gdwd1 Dv phqwlrqhg dw wkh rxwvhw/ wkh grplqdqw h{sodqdwlrqv iru wkh qdwlrqdo
lqhtxdolw| lqfuhdvh fhqwhu rq wkh xvh ri vnloo0eldvhg whfkqrorj|/ fkdqjhv lq
surgxfw ghpdqg gxh wr lqwhuqdwlrqdo wudgh/ vxsso| vkliwv gxh wr lppljudwlrq/
dqg vkliwv lq oderu pdunhw lqvwlwxwlrqv1 Zh frqvwuxfw vwdwh0ohyho yduldeohv wr
sur{| iru hdfk ri wkh h{sodqdwlrqv1
914 Vnloo0eldvhg whfkqrorjlfdo fkdqjh
Rqh sureohp zlwk wkh k|srwkhvlv wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh kdv
ehhq wkh vrxufh ri wkh ulvh lq ryhudoo zdjh lqhtxdolw| lv wkh odfn ri gluhfw
hylghqfh1 Nuxhjhu +4<<6, dujxhv wkdw wkh xvh ri frpsxwhuv lv dvvrfldwhg zlwk
d zdjh suhplxp exw GlQdugr dqg Slvfknh +4<<:, rhu d frpshoolqj dujxphqw
wkdw frpsxwhuv wkhpvhoyhv kdyh qrw fkdqjhg wkh zdjh vwuxfwxuh1 Vlqfh zh
g rq r wk d y hg l u h f wp h d v x u h vr iw h f k q r o r j |h l w k h ue |v w d w hr ui r ul q g l y l g x d o
zrunhuv/ zh iroorz Ehupdq/ Erxqg dqg Julolfkhv +4<<7, dqg Ehuqdug dqg
Mhqvhq +4<<:, lq xvlqj phdvxuhv ri wkh fdslwdo vwrfn dv d sur{| iru lqsxwv
wkdw duh frpsohphqwv wr vnloov1 D ixuwkhu olplwdwlrq ri wkhvh phdvxuhv lv
wkdw wkh| duh rqo| dydlodeoh iru wkh pdqxidfwxulqj vhfwru iurp wkh DVP
dqg Fhqvxv ri Pdqxidfwxuhv/ dqg dv d uhvxow pd| qrw fdswxuh whfkqrorj|
49Zkhq dgglwlrqdo yduldeohv duh dgghg wr wkh vshflfdwlrq wkh frh!flhqw rq odjjhg ohyhov
lv qr orqjhu qhjdwlyh iru hlwkhu ghfdgh1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 47
xsjudglqj lq rwkhu vhfwruv14: Zlwk wkhvh fdyhdwv/ wkh k|srwkhvlv ri vnloo0
eldvhg whfkqrorjlfdo fkdqjh lpsolhv d srvlwlyh uhodwlrqvkls ehwzhhq lqfuhdvhv
lq fdslwdo shu zrunhu dqg lqhtxdolw| zlwklq wkh vwdwh1
Zh frqvlghu wzr phdvxuhv ri vnloo0eldvhg whfkqrorj| iru hdfk vwdwh/ wkh
orj ohyhov ri pdfklqh dqg htxlsphqw vwrfnv shu zrunhu lq wkh pdqxidfwxulqj
vhfwru lq wkh vwdwh +pdfklqh, dqg wkh orj0ohyho ri frpsxwhu lqyhvwphqw shu
zrunhu lq pdqxidfwxulqj lq wkh vwdwh +frpsxwhu,1 Wkh gdwd duh frqvwuxfwhg
iurp wkh suhfhglqj Fhqvxv ri Pdqxidfwxuhv/ l1h1 wkh 4<9: fhqvxv iru 4<:3/
wkh 4<:: fhqvxv iru wkh 4<;3 revhuydwlrqv/ dqg wkh 4<;: fhqvxv iru wkh 4<<3
gdwd14;
915 Lqwhuqdwlrqdo wudgh
Lghdoo| zh zrxog eh deoh wr phdvxuh lpsruw dqg h{sruw sulfhv iru doo jrrgv
surgxfhg lq d vwdwh1 Lqvwhdg zh xvh vwdwh0ohyho lpsruw dqg h{sruw h{fkdqjh
udwhv +lpsruw dqg h{sruw,1 Wr fdofxodwh wkh lpsruw h{fkdqjh udwh iru d
vwdwh/ zh vwduw e| frqvwuxfwlqj lqgxvwu| lpsruw h{fkdqjh udwhv iru hdfk 70
gljlw pdqxidfwxulqj lqgxvwu|1 Wkh lqgxvwu| lpsruw h{fkdqjh udwhv duh jlyhq
e| wkh vxp ri uhdo h{fkdqjh udwhv lqglfhv +X1V1 groodu2iruhljq fxuuhqf|,4<
dfurvv frxqwulhv zhljkwhg e| wkdw frxqwu|*v dyhudjh vkduh lq lpsruwv lq wkh







Wkh vwdwh lpsruw h{fkdqjh udwh lv wkh zhljkwhg vxp ri lqgxvwu| lpsruw
h{fkdqjh udwhv zlwk wkh zhljkwv jlyhq e| wkh vkduh ri wkh lqgxvwu| lq wrwdo







Wkh h{shfwhg uhodwlrqvkls ehwzhhq wkh vwdwh lpsruw h{fkdqjh udwh dqg lq0
htxdolw| lv qhjdwlyh1 D vwuhqjwkhqlqj groodu phdqv fkhdshu lpsruwv lq jrrgv
4:Lq dq dowhuqdwlyh ylhz ri vnloo0eldvhg whfkqrorjlfdo fkdqjh/ Dfhprjox +4<<;, prghov
wkh lqfuhdvh lq vnloo0eldvhg whfkqrorj| dv dq hqgrjhqrxv uhvsrqvh wr wkh vxsso| ri vnloov1 Li
fruuhfw/ rxu phdvxuhv ri frpsxwhuv dqg pdfklqhv zloo qrw fruuhfwo| sur{| iru wkh fkdqjhv
lq vnloo0eldvhg whfkqrorj|1
4;Wkh frpsxwhu lqyhvwphqw gdwd duh qrw dydlodeoh iru 4<:31
4<Wkh h{fkdqjh udwhv duh qrplqdo h{fkdqjh udwhv gh dwhg e| JGS gh dwruv lq iruhljq
fxuuhqf| shu X1V1 groodu qrupdol}hg wr eh 433 lq 4<;31Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 48
wkdw duh surgxfhg lq wkh vwdwh1 Li d vwdwh frqwdlqv lqgxvwulhv wkdw h{sh0
ulhqfh vxevwdqwldo lpsruw shqhwudwlrq/ dqg lpsruwv duh jhqhudoo| surgxfhg
zlwk ohvv0vnloohg oderu wkhq vwdwh ohyho lqhtxdolw| vkrxog ulvh1







Wkh vwdwh h{sruw h{fkdqjh udwh lv wkh zhljkwhg vxp ri lqgxvwu| h{sruw h{0
fkdqjh udwhv zlwk wkh zhljkwv jlyhq e| wkh vkduh ri wkh lqgxvwu| lq wrwdo







Li h{sruwv duh vnloo0lqwhqvlyh surgxfwv/ dv irxqg lq Ehuqdug dqg Mhqvhq +4<<8/
4<<:, zh vkrxog h{shfw wr vhh d srvlwlyh uhodwlrqvkls ehwzhhq wkh vwdwh h{sruw
h{fkdqjh udwh dqg lqhtxdolw|1
Wkh pdlq gl!fxow| zlwk erwk h{fkdqjh udwh phdvxuhv vwhpv iurp wkh lq0
htxdolw| gdwd lwvhoi1 Vlqfh zh rqo| revhuyh vwdwhv lq wkuhh |hduv/ rxu h{fkdqjh
udwh phdvxuhv pd| qrw fdswxuh wkh hhfwv ri wkh groodu pryhphqwv lq wkh uvw
kdoi ri wkh 4<;3v1
916 Lqgxvwu| frpsrvlwlrq
Wr fdswxuh fkdqjhv lq wkh frpsrvlwlrq ri rxwsxw dw wkh vwdwh ohyho/ zh lqfoxgh
d phdvxuh ri gxudeoh pdqxidfwxulqj hpsor|phqw iru wkh vwdwh1 Vshflfdoo|
zh fdofxodwh wkh udwlr ri gxudeoh pdqxidfwxulqj hpsor|phqw wr wrwdo hp0
sor|phqw lq wkh wkuhh Fhqvxv vdpsohv +gxudeoh,1 Wkh slfwxuhv ri wkh zdjh
lqhtxdolw| fkdqjhv lq Iljxuh 9 vxjjhvw wkdw pdqxidfwxulqj lqwhqvlyh vwdwhv
vdz glvsursruwlrqdwh ulvhv lq zdjh lqhtxdolw|1 Zh h{shfw wkdw fkdqjhv lq
gxudeoh hpsor|phqw zrxog eh qhjdwlyho| fruuhodwhg zlwk lqhtxdolw| fkdqjhv1
Dqrwkhu phdvxuh ri surgxfw ghpdqg lv wkh ohyho ri jryhuqphqw surfxuh0
phqw lq wkh vwdwh1 Wkh phdvxuh lv frqvwuxfwhg iurp wkh jryhuqphqw sur0
fxuhphqw gdwd ri Krrnhu dqg Nqhwwhu +4<<:, dqg lv jlyhq e| wkh orj0ohyho
ri jryhuqphqw surfxuhphqw h{shqglwxuhv shu fdslwd +surfxuh,1 Vlqfh wkh
jryhuqphqw frqwudfwv fdswxuhg lq wkh gdwd whqg wr eh iru odujh vnloo0lqwhqvlyh
surgxfwv/ wkh h{shfwhg uhodwlrqvkls zlwk lqhtxdolw| lv srvlwlyh1
53Gxh wr d odfn ri vwdwh0lqgxvwu| h{sruw gdwd lq hduolhu |hduv/ zh duh irufhg wr xvh zhljkwv
edvhg rq wkh 4<;: Fhqvxv1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 49
917 Lppljudwlrq
Wr hydoxdwh wkh srwhqwldo uroh iru iruhljq lppljudwlrq lq ghsuhvvlqj orz0vnloo
zrunhu zdjhv/ dqg wkxv lqfuhdvlqj lqhtxdolw| zh lqfoxgh wkh udwlr ri uhfhqw
lppljudqwv wr wkh srsxodwlrq +lppljudqw,1 Lppljudqwv duh wkrvh zrunhuv
zkr lppljudwhg wr wkh vwdwh zlwklq wkh odvw yh |hduv ri wkh sulru ghfdgh154
Wkh h{shfwhg uhodwlrqvkls ri lppljudwlrq dqg lqhtxdolw| lv srvlwlyh li wkh
srro ri lppljudqw oderu lv jhqhudoo| ohvv0vnloohg wkdq wkh h{lvwlqj vwrfn ri
qdwlyh zrunhuv155
918 Oderu pdunhw lqvwlwxwlrqv
Uhfhqw zrun e| GlQdugr/ Iruwlq/ dqg Ohplhx{ +4<<9, dqg Iruwlq dqg Ohplhx{
+4<<:, kdv uhylyhg lqwhuhvw lq oderu pdunhw lqvwlwxwlrqv dv vrxufhv ri lqhtxdo0
lw| lqfuhdvhv1 Ohh +4<<;,/ xvlqj vwdwh gdwd/ dujxhv wkdw doo wkh lqfuhdvh lq
udz lqhtxdolw| fdq eh dwwulexwhg wr fkdqjhv lq vwdwh plqlpxp zdjhv1 Lq
sduwlfxodu/ wkh ghfolqh lq xqlrql}dwlrq udwhv dqg wkh idoo lq wkh uhdo plqlpxp
zdjh duh rhuhg dv lpsruwdqw h{sodqdwlrqv iru wkh ulvh lq zdjh glvshuvlrq1
Zh frqvwuxfw phdvxuhv ri xqlrql}dwlrq udwhv +xqlrq, iru hdfk vwdwh iru wkh
wkuhh |hduv156 Wkh gdwd rq xqlrql}dwlrq udwhv frph iurp Nrnnhohqehuj dqg
Vrfnhoo +4<;8, dqg Kluvfk dqg PdfSkhuvrq+4<<6,1 Wkh plqlpxp zdjh gdwd
frphv iurp Qhxpdun dqg Zdvfkhu +4<<5,1 Zh xvh wkh orj ri wkh uhdo vwdwh
plqlpxp zdjh dv rxu phdvxuh +plqzdjh,1
919 Lqfrph ohyhov
Wr fdswxuh wkh srvvlelolw| wkdw khwhurjhqhlw| lq vwdwh lqhtxdolw| phdvxuhv lv
ehlqj gulyhq e| yduldwlrqv lq vwdwh lqfrph ohyhov zh frqvwuxfw d phdvxuh ri
vwdwh hfrqrplf dfwlylw|1 Iru hdfk vwdwh zh fdofxodwh wkh glhuhqfh ehwzhhq wkh
phgldq lqfrph dqg wkh qdwlrqdo phgldq lqfrph +f|foh,1 Lq rxu hvwlpdwlrq
iudphzrun/ lqfoxglqj vwdwh {hg hhfwv/ zh h{shfw wkdw kljkhu vwdwh lqfrphv
54Iru h{dpsoh/ iru wkh 4<;304<<3 fkdqjhv lq lqhtxdolw|/ wkh lppljudwlrq phdvxuh lv
fdofxodwhg dv iudfwlrq ri wkh vwdwh srsxodwlrq zkr lppljudwhg wr wkh vwdwh lq 4<;804<<31
55Lppljudqwv pd| kdyh orzhu dssduhqw vnloov lq wkh gdwd gxh wr odqjxdjh sureohpv ru
glvfulplqdwlrq hyhq li wkhuh dfwxdov vnloo ohyhov duh kljkhu wkdq wkh qdwlyh srsxodwlrq1
56Eduu| Kluvfk jhqhurxvo| surylghg ohv zlwk wkh xqlrql}dwlrq gdwd1 Iru hduo| |hduv
vrph vwdwhv dsshdu rqo| lq jurxsv1 Zh dvvljqhg wkh jurxs xqlrql}dwlrq udwh wr wkh vwdwh
iru wkrvh |hduv1 Vlqfh erwk vhwv ri gdwd vwduw rqo| lq 4<:6/ zh xvh wkh 4<:6 ydoxhv iru 4<:31Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 4:
zrxog eh fruuhodwhg zlwk shdnv lq wkh vwdwh exvlqhvv f|foh dqg dvvrfldwhg
zlwk orzhu ohyhov ri lqhtxdolw|1
: H{sodlqlqj Vwdwh Lqhtxdolw| Fkdqjhv
Lghdoo| dq| h{sodqdwlrq iru wkh odujh ulvh lq lqhtxdolw| gxulqj wkh 4<;3v zrxog
eh fdsdeoh ri h{sodlqlqj vpdoohu lqfuhdvhv lq rwkhu shulrgv1 Iru rxu hvwlpdwlrq
surfhgxuh/ zh fkrrvh wr srro wkh gdwd dfurvv ghfdghv lqvwhdg ri hvwlpdwlqj
ghfdgh e| ghfdgh uhjuhvvlrqv157 Zh hvwlpdwh wkh uhodwlrqvkls ehwzhhq rxu
h{sodqdwru| yduldeohv dqg vwdwh uhvlgxdo zdjh lqhtxdolw|/ dv phdvxuhg e| wkh
orj <3043 udwlr/ lq ohyhov/ srrohg dfurvv |hduv zlwk vwdwh {hg hhfwv158
Wdeoh < frqwdlqv xqlyduldwh uhjuhvvlrqv ri vwdwh lqhtxdolw| rq hdfk ri rxu
h{sodqdwru| yduldeohv lq froxpqv 4 wkurxjk 431 Doprvw doo wkh yduldeohv duh
vljqlfdqwo| fruuhodwhg zlwk lqhtxdolw| fkdqjhv dqg kdyh wkh h{shfwhg vljq1
Wkh phdvxuh ri gxudeoh hpsor|phqw vkduh lv qhjdwlyho| dqg vljqlfdqwo|
fruuhodwhg zlwk fkdqjhv lq lqhtxdolw| dfurvv vwdwhv +froxpq 4, dqg fdq h{sodlq
doprvw 63( ri wkh yduldqfh ryhu wkh wzr ghfdghv1 D 4( fkdqjh lq wkh iudfwlrq
ri wkh vdpsoh hpsor|hg lq pdqxidfwxulqj lv dvvrfldwhg zlwk d 418;( lqfuhdvh
lq wkh <3043 udwlr1
Erwk phdvxuhv ri whfkqrorj| ghhshqlqj/ orj fdslwdo shu zrunhu dqg frp0
sxwhu lqyhvwphqw shu zrunhu duh srvlwlyho| fruuhodwhg zlwk lqhtxdolw| dfurvv
vwdwhv1 Wkh fdslwdo lqwhqvlw| phdvxuh e| lwvhoi dffrxqwv iru ryhu 53( ri wkh
yduldwlrq zkloh iru wkh 4<;3v/ frpsxwhu lqyhvwphqw fkdqjhv fdq h{sodlq ryhu
73( ri wkh wrwdo vwdwh khwhurjhqhlw|159
Ghxqlrql}dwlrq lv dovr vwurqjo| fruuhodwhg zlwk lqfuhdvlqj lqhtxdolw|1 Ghfolqh
lq xqlrq phpehuvkls udwhv fdq dffrxqw iru doprvw 63( ri wkh yduldwlrq lq
wkh srrohg hvwlpdwlrq1 Wkh plqlpxp zdjh phdvxuh grhv wkh ehvw ri doo wkh
vwdwh0ohyho phdvxuhv1 Lw lv vwurqjo| qhjdwlyho| fruuhodwhg zlwk lqfuhdvhv lq
lqhtxdolw| dqg dffrxqwv iru 78( ri wrwdo yduldwlrq1
Lqfuhdvhg lppljudwlrq dovr vkrzv xs zlwk d srvlwlyh dqg vljqlfdqw frhi0
flhqw dowkrxjk lwv ryhudoo h{sodqdwru| srzhu lv orz1 Vlploduo|/ rxu phdvxuh
ri djjuhjdwh vwdwh hfrqrplf dfwlylw| frqupv wkdw vwdwhv prylqj iurp exvl0
qhvv f|foh wurxjkv wr shdnv kdyh ghfolqhv lq lqhtxdolw|/ dowkrxjk wkh phdvxuh
57Lq Wdeoh 44/ zh dovr uhsruw hvwlpdwhv iru fkdqjhv gxulqj wkh 4<;3v1
58Srrohg hvwlpdwlrq lq uvw glhuhqfhv dfurvv wkh ghfdghv grhv qrw |lhog glhuhqw
frqfoxvlrqv1
59Wkh frpsxwhu phdvxuh lv qrw dydlodeoh ehiruh 4<;31Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 4;
fdqqrw h{sodlq pxfk ri wkh furvv0vwdwh yduldwlrq lq wkh wzr ghfdghv1
Vxusulvlqjo|/ rxu phdvxuhv ri lqwhuqdwlrqdo wudgh gr qrw shuirup zhoo1
Wkh lpsruw h{fkdqjh udwh kdv wkh zurqj vljq/ dssuhfldwlrq ri wkh groodu rq
dq lpsruw edvlv ohdgv wr ghfolqhv lq lqhtxdolw| zkloh wkh h{sruw h{fkdqjh
udwh lv qrw vljqlfdqw15: Wkh phdvxuh ri jryhuqphqw sxufkdvhv shu fdslwd lv
vljqlfdqw exw xqh{shfwhgo| qhjdwlyho| fruuhodwhg zlwk lqhtxdolw|1
Wkhvh xqlyduldwh uhvxowv vxjjhvw wkdw d zlgh udqjh ri srwhqwldo h{sodqd0
wlrqv pd| sod| d uroh lq wkh lqfuhdvh lq lqhtxdolw|1 Plqlpxp zdjh fkdqjhv/
ghfuhdvhv lq gxudeoh pdqxidfwxulqj hpsor|phqw/ ghfuhdvhg xqlrql}dwlrq dqg
dq lqfuhdvh lq fdslwdo shu zrunhu doo kdyh vxevwdqwldo h{sodqdwru| srzhu1
Krzhyhu/ rqh gudzedfn zlwk wkh vshflfdwlrq lq Wdeoh < lv wkdw zh kdyh
qhjohfwhg wr frqwuro iru wlph hhfwv/ l1h1 dq| xqrevhuyhg djjuhjdwh wuhqglqj
yduldeoh frxog eh gulylqj pryhphqwv lq erwk rxu OKV dqg UKV yduldeohv1
Zh zrxog olnh wr nqrz krz urexvw wkh xqlyduldwh duh lq wkh suhvhqfh ri wlph
wuhqgv1
Wdeoh 43 uhsruwv wkh vdph vhw ri uhjuhvvlrqv zlwk wlph gxpplhv/ l1h1 vhsd0
udwh wlph wuhqgv iru hdfk ghfdgh1 Wkh glhuhqfhv lq wkh uhvxowv duh txlwh vxe0
vwdqwldo1 Ri wkh suhylrxvo| vljqlfdqw uhjuhvvruv/ rqo| gxudeoh hpsor|phqw
dqg wkh exvlqhvv f|foh phdvxuh uhpdlq vwdwlvwlfdoo| vljqlfdqw1 Lq dgglwlrq/
wkh frh!flhqw rq wkh h{sruw h{fkdqjh udwh vzlwfkhv wr d qhjdwlyh vljq dqg eh0
frphv vljqlfdqw/ vxjjhvwlqj wkdw ghsuhfldwlrqv wkdw vwlpxodwh h{sruwv pd|
uhgxfh lqhtxdolw|15; Lq rwkhu zrugv/ rqo| fkdqjhv lq gxudeoh hpsor|phqw
dqg exvlqhvv f|fohv duh fruuhodwhg zlwk glhuhqwldo pryhphqwv lq lqhtxdolw|
dfurvv vwdwhv zlwklq ghfdghv1 Lq sduwlfxodu/ wkh sulru vljqlfdqfh ri wkh vwdwh
plqlpxp zdjh zdv gxh doprvw hqwluho| wr lwv djjuhjdwh wuhqg pryhphqwv
dqg qrw gxh wr yduldwlrq dfurvv vwdwhv1
Zh frqvlghu d pxowlyduldwh vshflfdwlrq zlwk doo rxu srwhqwldo h{sodqd0
wru| yduldeohv lq Wdeoh 441 Froxpqv 4 dqg 5 uhsruw srrohg uhvxowv iru erwk
ghfdghv zlwkrxw dqg zlwk wlph gxpplhv uhvshfwlyho|/ zkloh froxpqv 6 dqg 7
uhsruwv uhvxowv mxvw iru wkh 4<;3v1 Lq doo vshflfdwlrqv iru erwk wlph shulrgv/
wkh vkduh ri gxudeoh pdqxidfwxulqj hpsor|phqw dqg wkh vwdwh ri wkh vwdwh
exvlqhvv f|foh hqwhu vljqlfdqwo| dqg zlwk wkh h{shfwhg vljq1 Ghfolqhv lq
5:Zh fdxwlrq wkdw wklv grhv qrw phdq wkdw lqwhuqdwlrqdo wudgh zdv xqlpsruwdqw iru
lqhtxdolw| lqfuhdvhv1 Wkh ghfdgh0orqj vsdq ri rxu gdwd pd| klgh wkh uroh ri wudgh1 Suh0
olplqdu| zrun orrnlqj dw vwdwh0ohyho iruhljq gluhfw lqyhvwphqw vkrzv pl{hg uhvxowv1
5;Ehuqdug dqg Mhqvhq +4<<:, qg wkdw h{sruwhuv frqwulexwh wr lqfuhdvhv lq zdjh glhuhq0
wldov ehwzhhq surgxfwlrq dqg qrq0surgxfwlrq zrunhuv1 Krzhyhu/ wklv pd| uh hfw fkdqjhv
lq hgxfdwlrq suhpld dv rssrvhg wr fkdqjhv lq uhvlgxdo zdjh lqhtxdolw|1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 4<
gxudeoh pdqxidfwxulqj hpsor|phqw duh vwurqjo| dvvrfldwhg zlwk lqhtxdolw|
lqfuhdvhv/ hyhq doorzlqj iru wkh suhvhqfh ri dowhuqdwlyh h{sodqdwru| yduldeohv1
Vlploduo|/ vwdwh exvlqhvv f|fohv h{sdqvlrqv duh dvvrfldwhg zlwk ghfolqhv lq
uhvlgxdo lqhtxdolw|/ dqg uhfhvvlrqv duh wlphv ri lqfuhdvlqj lqhtxdolw|1 Wkh
vwdwh plqlpxp zdjh phdvxuh lv djdlq vljqlfdqw rqo| lq wkh vshflfdwlrqv
zlwkrxw wlph wuhqgv1 Ri wkh rwkhu h{sodqdwru| yduldeohv/ phdvxuhv ri fdslwdo
lqwhqvlw|/ lppljudwlrq/ h{fkdqjh udwhv/ xqlrql}dwlrq ru jryhuqphqw surfxuh0
phqw/ qrqh duh forvh wr ehlqj vljqlfdqw/ h{fhsw iru wkh lpsruw h{fkdqjh udwh
phdvxuh lq wkh 4<;3v zklfk kdv wkh zurqj vljq1
; Lqhtxdolw| dw wkh Wrs dqg Erwwrp
Wkh suhfhglqj uhvxowv irfxvhg rq fkdqjhv lq wkh orj <3043 udwlr ri uhvlgxdo
zdjhv1 Lq wklv vhfwlrq/ zh h{soruh zkdw glhuhqfhv/ li dq|/ uhvxowv iurp orrnlqj
dw fkdqjhv lq wkh wrs dqg erwwrp kdoyhv ri wkh uhvlgxdo zdjh glvwulexwlrq1
Wdeoh 45 uhsruwv vshflfdwlrqv iru wkh <3083 dqg 83043 lqhtxdolw| phdvxuhv
zlwk dqg zlwkrxw wlph wuhqgv1 Doo uhjuhvvlrqv duh srrohg ryhu erwk ghfdghv
hvwlpdwhg lq ohyhov zlwk vwdwh {hg hhfwv1
Wkh uhvxowv iru wkh <3083 udwlr lq froxpqv 4 dqg 5 ri Wdeoh 451 Lqfuhdvhv lq
lqhtxdolw| lq wkh xsshu kdoi ri wkh uhvlgxdo zdjh glvwulexwlrq duh vljqlfdqwo|
qhjdwlyho| fruuhodwhg zlwk wkh vkduh ri gxudeoh pdqxidfwxulqj hpsor|phqw/
dowkrxjk wkh srlqw hvwlpdwhv duh ohvv wkdq kdoi wkrvh ri wkh hqwluh glvwulex0
wlrq1 Lq wkh vshflfdwlrq zlwkrxw wlph wuhqgv/ zh dovr qg vljqlfldqw hhfwv
ri lppljudwlrq dqg wkh wzr h{fkdqjh udwhv1 Wkh h{fkdqjh udwhv kdyh wkh h{0
shfwhg vljq/ d vwuhqjwkhqlqj groodu lqfuhdvh lqhtxdolw| wkurxjk lpsruwv/ exw
d zhdnhqlqj groodu lqfuhdvhv lqhtxdolw| wkurxjk h{sruwv1 Vxusulvlqjo|/ wkh
plqlpxp zdjh phdvxuh hqwhuv zlwk wkh h{shfwhg vljq dqg vljqlfdqwo|1 Zh
vxvshfw wklv uhvxow lv djdlq gxh wr ghfdgh wuhqgv/ dv prvw/ li qrw doo/ hfrqrplf
wkhrulhv zrxog vxjjhvw wkdw fkdqjhv lq wkh plqlpxp zdjh vkrxog qrw dhfw
wklv sduw ri wkh zdjh glvwulexwlrq1 Wkh vwdwh ri wkh exvlqhvv f|foh/ zkloh
vljqlfdqw iru fkdqjhv lq wkh <3043 glhuhqwldo/ grhv qrw dhfw glvshuvlrq dw
wkh wrs ri wkh glvwulexwlrq1
Orrnlqj dw wkh uhvxowv iru wkh 83043 udwlr lq froxpqv 6 dqg 7/ zh qg
vrph vxusulvlqj glhuhqfhv1 Ryhudoo/ rxu vhw ri yduldeohv h{sodlqv ohvv ri wkh
furvv0vwdwh lqhtxdolw| pryhphqwv lq wklv sduw ri wkh glvwulexwlrq1 Gxudeoh hp0
sor|phqw/ dv dozd|v/ lv qhjdwlyh dqg vwurqjo| vljqlfdqw zlwkd pxfk odujhu
frh!flhqw1 Krzhyhu/ lqhtxdolw| lqfuhdvhv lq wkh erwwrp ri wkh vnloo glvwule0Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 53
xwlrq duh qrw vljqlfdqwo| fruuhodwhg zlwk hlwkhu wkh phdvxuh ri whfkqrorj|/
wkh h{fkdqjh udwh phdvxuhv/ qru fkdqjhv lq vwdwh plqlpxp zdjhv1 Lq dg0
glwlrq/ wkh frh!flhqw rq lppljudwlrq kdv wkh rssrvlwh vljq iurp zkdw zh
pljkw h{shfw dqg lv pdujlqdoo| vljqlfdqw1 Wkh exvlqhvv f|foh phdvxuh lv
qrz vwurqjo| vljqlfdqw zlwk wkh h{shfwhg vljq1
Wdnhq dv d jurxs/ wkhvh uhvxowv frqup wkh lpsruwdqfh ri gxudeoh hp0
sor|phqw lq dffrxqwlqj iru lqhtxdolw| fkdqjhv wkurxjk wkh vnloo glvwulexwlrq1
Wkh| dovr kljkoljkw wkh uhodwlyh lpsruwdqfh ri exvlqhvv f|fohv rq zdjh pryh0
phqwv lq wkh erwwrp kdoi ri wkh glvwulexwlrq1 Wkh uhvxwov iru vwdwh plqlpxp
zdjhv odujho| frqup rxu hduolhu qglqjv dqg vxjjhvw wkdw plqlpxp zdjh
fkdqjhv duh qrw gulylqj odujh lqfuhdvhv lq lqhtxdolw|1
<F r q f o x v l r q v
Lq wklv sdshu/ zh dujxh wkdw wkh suhylrxv uhvhdufk rq zdjh lqhtxdolw| lq
wkh Xqlwhg Vwdwhv kdv odujho| ryhuorrnhg dq lpsruwdqw vrxufh ri lqirupdwlrq/
wkh khwhurjhqhlw| ri lqhtxdolw| pryhphqwv dfurvv uhjlrqv15< Zh vxvshfw wklv
ryhuvljkw vwhpv iurp dq dvvxpswlrq wkdw lqglylgxdov sduwlflsdwh lq d vlqjoh
qdwlrqdo oderu pdunhw1 Li wkhuh lv rqh qdwlrq0zlgh pdunhw vhwwlqj zdjhv/
wkhq wkhuh lv qr uhdvrq wr orrn dw uhjlrqdo gdwd wr xqghuvwdqg vrxufhv ri
wkh ulvh lq zdjh lqhtxdolw|1 Li/ krzhyhu/ uhjlrqdo oderu pdunhwv h{shulhqfh
lglrv|qfudwlf vkrfnv wkdw duh rqo| vorzo| wudqvplwwhg wr rwkhu duhdv/ wkhq zh
fdq srwhqwldoo| ohduq derxw wkh vrxufhv ri lqhtxdolw| iurp wkh h{shulhqfhv ri
glhuhqw uhjlrqv1
Zh qg wkdw wkh dvvxpswlrq ri d vlqjoh qdwlrqdo oderu pdunhw idlov lq
wkh gdwd1 Eodqfkdug dqg Ndw} +4<<5, vkrz shuvlvwhqw hhfwv ri vwdwh hp0
sor|phqw vkrfnv1 Lq dgglwlrq/ zh qg wkdw hgxfdwlrq suhpld vkrz odujh/
shuvlvwhqw glhuhqfhv dfurvv vwdwhv vxjjhvwlqj wkdw  rzv ri zrunhuv dqg upv
duh qrw vx!flhqw wr holplqdwh zdjh glhuhqwldov1 Ilqdoo|/ zh vkrz wkdw uh0
jlrqdo hpsor|phqw vkrfnv kdyh odujh hhfwv rq sodqw ohyho zdjhv163
Wkh vwru| wkdw hphujhv iurp prvw ri wkh sulru olwhudwxuh rq zdjh lqhtxdo0
lw| lq wkh X1V1 lv rqh ri d uhpdundeo| frqvlvwhqw lqfuhdvh gxulqj wkh 4<:3v
dqg 4<;3v dfurvv dqg zlwklq jurxsv +lqgxvwulhv/ hgxfdwlrq fdwhjrulhv hwf1,1
5<Dv phqwlrqhg hduolhu/ lpsruwdqw h{fhswlrqv duh Erxqg dqg Kro}hu +4<<9,/ Erumdv dqg
Udph| +4<<7/ 4<<8, dqg Wrsho +4<<6,
63Zh hqfrxudjh ixuwkhu uhvhdufk rq wkh lqwhjudwlrq uhjlrqdo oderu pdunhwv/ zkhwkhu lw
lv lqfuhdvlqj dqg iru zklfk w|shv ri zrunhuv1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 54
Wkh vwdwh0ohyho gdwd surylghv d yhu| glhuhqw ylhz1 Phdvxuhv ri vwdwh lq0
htxdolw| vkrz d uhpdundeoh ydulhw| ri ohyhov dqg fkdqjhv ryhu wlph1 Lq dq|
jlyhq |hdu/ qxphurxv vwdwhv kdyh ohyhov ri lqhtxdolw| idu iurp wkh qdwlrqdo
dyhudjh lq erwk gluhfwlrqv1 Pruh lpsruwdqwo|/ wkh uhodwlyh srvlwlrqv ri wkh
vwdwhv fkdqjh vkduso| iurp ghfdgh wr ghfdgh1 Qxphurxv vwdwhv zlwk deryh
dyhudjh lqhtxdolw| lq 4<:3 hqg xs ehlqj uhodwlyho| htxdo wzhqw| |hduv odwhu
dqg vrph vwdwhv hyhq lpsuryh wkhlu devroxwh srvlwlrqv ryhu wkh shulrg1
Wklv ydulhw| ri rxwfrphv dw wkh vwdwh ohyho surylghv d qdwxudo hqylurqphqw
iru uhh{dplqlqj wkh h{lvwlqj wkhrulhv iru wkh ryhudoo lqhtxdolw| ulvh1 Wr hydox0
dwh h{lvwlqj wkhrulhv ri wkh ulvh lq lqhtxdolw|/ zh frqvwuxfw vwdwh0ohyho phdvxuhv
ri lqgxvwuldo frpsrvlwlrq/ vnloo0eldvhg whfkqrorj|/ lqwhuqdwlrqdo wudgh vkrfnv/
dqg oderu pdunhw lqvwlwxwlrqv1
Dprqj rxu uhvxowv/ rqh idfw lv fohdu1 Wkh ghfolqh lq wkh vkduh ri gxudeoh
pdqxidfwxulqj hpsor|phqw lv qhjdwlyho| fruuhodwhg zlwk lqhtxdolw| lqfuhdvhv
lq doo rxu vshflfdwlrqv/ ryhu doo shulrgv dqg iru hyhu| vhjphqw ri wkh uhvlgxdo
zdjh glvwulexwlrq1 E| lwvhoi/ wkh vkduh ri gxudeoh pdqxidfwxulqj hpsor|phqw
fdq dffrxqw iru 63(088( ri wkh vwdwh fkdqjhv lq zdjh lqhtxdolw|/ dqg lv hvsh0
fldoo| lpsruwdqw iru pryhphqwv lq wkh erwwrp kdoi ri wkh zdjh glvwulexwlrq1
Wkh prvw vxusulvlqj idloxuh lq rxu vwdwh uhjuhvvlrqv duh rxu phdvxuhv ri
lqwhuqdwlrqdo wudgh/ zhljkwhg0vwdwh lpsruw dqg h{sruw h{fkdqjh udwh lqglfhv/
zklfk duh qrw vljqlfdqw dqg xvxdoo| wkh zurqj vljq1 Rq wkh rwkhu kdqg/
zkloh lppljudwlrq lv qrw lpsruwdqw iru fkdqjhv lq wkh <3043 udwlr/ lqfuhdvhg
iruhljq lppljudwlrq lv srvlwlyho| fruuhodwhg zlwk lqhtxdolw| lqfuhdvhv lq wkh
xsshu kdoi ri wkh vnloo glvwulexwlrq/ dqg qhjdwlyho| fruuhodwhg lq wkh erwwrp
kdoi1
Wkh hylghqfh froohfwhg khuh lv d xvhixo vwduwlqj srlqw iru uhfrqvlghulqj
srvvleoh h{sodqdwlrqv iru odujh lqfuhdvh lq lqhtxdolw| lq wkh 4<;3v/ dqg wkh
vpdoohu exw vljqlfdqw lqfuhdvhv lq wkh uhwxuqv wr vnloo lq wkh 4<:3v1 Xqolnh
suhylrxv uhvhdufk rq lqhtxdolw| lqfuhdvhv/ zh qg dq lpsruwdqw uroh iru wkh
ghfolqh ri pdqxidfwxulqj hpsor|phqw1 Wkhvh uhvxowv vxjjhvw wkh lpsruwdqfh
ri xqghuvwdqglqj wkh vrxufhv ri dqg yduldwlrq lq pdqxidfwxulqj hpsor|phqw
ghfolqhv1 Zkloh lqwhuqdwlrqdo wudgh dsshduv qrw wr kdyh sod|hg d gluhfw uroh lq
wkh lqhtxdolw| ulvh/ lwv uroh lq fkdqjlqj wkh frpsrvlwlrq ri surgxfwlrq uhpdlqv
wr eh h{soruhg1 Rq d pruh srvlwlyh qrwh/ wkh uhvxowv dovr vxjjhvw wkdw/ wr
wkh h{whqw wkdw pdqxidfwxulqj hpsor|phqw kdv vwdelol}hg/ wkh lqfuhdvhv lq
uhvlgxdo zdjh lqhtxdolw| vkrxog vorz dv zhoo1Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 55
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Vhplsdudphwulf Dssurdfk/ Hfrqrphwulfd/ 98/ ss1 43340771
GlQdugr/ Mrkq/ dqg Mruq0Vwhhq Slvfknh/ +4<<:, Wkh Uhwxuqv wr Frp0
sxwhu Xvh Uhylvlwhg= Kdyh Shqflov Fkdqjhg wkh Zdjh Vwuxfwxuh WrrB
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Yro/ 445+4,/ ss1 5<406371
Iruwlq/ Qlfroh P1/ dqg Wkrpdv Ohplhx{/ +4<<:, Lqvwlwxwlrqdo Fkdqjhv
dqg wkh Ulvlqj Zjh Lqhtxdolw|= Lv Wkhuh d Olqndjh Mrxuqdo ri Hfr0
qrplf Shuvshfwlyhv/ Yro1 44/ Qr1 5/ ss1 :80<91
Jrwwvfkdon/ Shwhu/ +4<<:, Lqhtxdolw|/ Lqfrph Jurzwk/ dqg Prelolw|=
Wkh Edvlf Idfwv Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Yro1 44/ Qr1 5/
Vsulqj/ ss1 540731
Kluvfk/ Eduu| W1 dqg Gdylg D1 PdfSkhuvrq1 +4<<6, Xqlrq Phpehu0
vkls dqg Fryhudjh Ilohv iurp wkh Fxuuhqw Srsxodwlrq Vxuyh|v= Qrwh1
Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ Yro 79/ Qr1 61
Krrnhu/ Pdun/ dqg Plfkdho Nqhwwhu/ +4<<:,/ Wkh Hhfwv ri Plolwdu|
Vshqglqj rq Hfrqrplf Dfwlylw|= Hylghqfh iurp Vwdwh Surfxuhphqw
Vshqglqj Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj>5<+6,/ ss1 73307541
Mxkq/ Fklqkxl/ Nhylq Pxusk|/ dqg Eurrnv Slhufh/ +4<<6, Zdjh Lq0
htxdolw| dqg wkh Ulvh lq Uhwxuqv wr Vnloo Mrxuqdo ri Srolwlfdo Hfrqrp|/
yro1 434 qr1 6/ ss1 74307751
Ndw}/ Odzuhqfh dqg Nhylq Pxusk|/ +4<<5, Fkdqjhv lq uhodwlyh zdjhv/
4<9604<;:= Vxsso| dqg ghpdqg idfwruv/ Txduwhuo| Mrxuqdo ri Hfr0
qrplfv/ 43;/ 660931
Nrnnhohqehuj/ Hgzdug F1 dqg Grqqd U1 Vrfnhoo1 +4<;8, Xqlrq Php0
ehuvkls lq wkh Xqlwhg Vwdwhv/ 4<:604<;4 Lqgxvwuldo dqg Oderu Uhodwlrqv
Uhylhz/ Yro 6;/ Qr1 71Xqghuvwdqglqj Lqfuhdvlqj dqg Ghfuhdvlqj Zdjh Lqhtxdolw| 57
Nuxhjhu/ Dodq/ +4<<6, Krz Frpsxwhuv Kdyh Fkdqjhg wkh Zdjh Vwuxf0
wxuh= Hylghqfh iurp Plfurgdwd/ 4<;704<;< Txduwhuo| Mrxuqdo ri Hfr0
qrplfv/ Yro/ 43;/ ss1 660931
Nuxjpdq/ Sdxo +4<<8,/ Whfkqrorj|/ Wudgh dqg Idfwru Sulfhv QEHU
Zrunlqj Sdshu 8688/ Qryhpehu1
Odzuhqfh/ Urehuw dqg Pdwwkhz Vodxjkhu/ +4<<6, Lqwhuqdwlrqdo Wudgh
dqg Dphulfdq Zdjhv lq wkh 4<;3v= Jldqw Vxfnlqj Vrxqg ru Vpdoo
KlffxsB  Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|= Plfurhfrqrplfv1
Zdvklqjwrq GF ss49405431
Ohh/ Gdylg1 +4<<;, Zdjh Lqhtxdolw| lq wkh X1V1 gxulqj wkh 4<;3v=
Ulvlqj Glvshuvlrq ru Idoolqj Plqlpxp ZdjhB Sulqfhwrq Xqlyhuvlw|
plphr1
Ohy|/ Iudqn dqg Ulfkdug Pxuqdqh/ +4<<5, X1V1 Hduqlqjv Ohyhov dqg
Hduqlqjv Lqhtxdolw|= D Uhylhz ri Uhfhqw Wuhqgv dqg Sursrvhg H{sod0
qdwlrqv Mrxuqdo ri Hfrqrplf Olwhudwxuh> 63+6,/ss1 46660;41
Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu1 +4<<5, Hpsor|phqw Hhfwv
ri Plqlpxp dqg Vxeplqlpxp Zdjhv= Sdqho Gdwd rq Vwdwh Plqlpxp
Zdjh odzv Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ Yro 79/ Qr1 41
Wrsho/ Urehuw +4<<6, Uhjlrqdo Oderu Pdunhwv dqg wkh Ghwhuplqdqwv
ri Zdjh Lqhtxdolw|/ Dphulfdq Hfrqrplf Uhylhz/ ;6 +Pd|,/ ss1 4430
4481
Zrrg/ Dguldq/ +4<<8,/ Krz Wudgh Kxuw Xqvnloohg Zrunhuv Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ Yro1 </ Qr1 6/ Vxpphu/ ss1 8:0;31Figure 1: Changes in the Distributions of Log Wages











































































































































































































































































































































































State No High School Diploma               Some College          College Degree Advanced Degree (6+ yrs)
1990 1980 1970 1990 1980 1970 1990 1980 1970 1990 1980 1970
AK -20.5%-18.9%-27.2% 10.5% 17.2% 9.4% 35.9% 37.5% 39.2% 51.4% 47.7% 50.2%
AL -27.2%-28.5%-27.7% 9.0% 5.9% 11.7% 48.7% 37.6% 48.9% 60.4% 46.6% 55.1%
AR -23.5%-26.0%-28.8% 10.2% 9.2% 12.7% 46.4% 38.9% 48.4% 58.8% 39.4% 56.5%
AZ -22.2%-25.4%-18.2% 12.7% 5.2% 9.8% 48.7% 32.2% 37.8% 67.7% 41.4% 37.4%
CA -28.1%-23.4%-16.7% 12.3% 8.3% 12.9% 45.3% 34.5% 41.6% 66.7% 44.7% 49.9%
CO -20.5%-19.7%-19.7% 10.0% 7.3% 10.0% 46.4% 36.0% 38.4% 65.6% 41.2% 47.0%
CT -21.3%-20.2%-16.5% 9.9% 8.4% 13.2% 48.2% 44.5% 52.2% 65.2% 55.8% 56.3%
DC -18.2%-21.5%-24.1% 8.9% 7.2% 8.2% 54.2% 49.7% 42.2% 82.7% 71.8% 59.3%
DE -23.3%-21.8%-22.6% 9.8% 6.2% 11.1% 47.3% 45.7% 49.2% 64.3% 54.3% 72.9%
FL -21.4%-20.6%-19.7% 13.6% 8.5% 12.1% 50.1% 38.3% 44.2% 67.3% 50.3% 55.4%
GA -25.8%-29.1%-27.5% 13.9% 9.5% 14.1% 50.0% 40.9% 43.5% 61.0% 46.8% 47.5%
HI -20.7%-20.8%-24.7% 8.8% 8.6% 16.7% 38.9% 38.9% 47.4% 57.9% 51.7% 64.2%
IA -25.7%-18.1%-17.7% 7.6% 8.3% 6.6% 38.3% 31.4% 41.4% 53.8% 31.7% 34.2%
ID -24.2%-19.1%-15.6% 3.4% 4.5% 16.8% 33.6% 26.8% 36.8% 51.9% 34.1% 53.6%
IL -21.8%-20.7%-20.0% 11.0% 7.1% 9.1% 46.8% 31.6% 40.1% 62.6% 36.5% 46.0%
IN -24.6%-23.7%-21.0% 9.8% 6.0% 10.8% 43.9% 31.1% 42.1% 55.7% 29.6% 34.4%
KS -23.4%-19.4%-18.3% 7.4% 7.6% 13.3% 43.4% 34.7% 47.2% 59.3% 35.4% 42.6%
KY -27.8%-27.5%-29.3% 10.6% 6.8% 4.8% 46.9% 32.6% 40.7% 58.0% 34.0% 38.8%
LA -28.7%-27.1%-22.4% 5.4% 7.4% 10.4% 39.7% 33.5% 42.4% 51.5% 33.0% 44.9%
MA -22.9%-22.6%-21.8% 9.1% 8.7% 10.8% 44.0% 39.1% 44.9% 59.8% 51.1% 52.1%
MD -22.2%-23.8%-26.7% 10.9% 6.9% 9.5% 47.4% 40.9% 45.4% 64.1% 54.4% 59.1%
ME -22.2%-20.2%-20.4% 7.9% 9.2% 13.0% 38.4% 34.4% 47.0% 50.7% 42.9% 62.1%
MI -19.7%-18.4%-17.4% 12.4% 9.2% 6.8% 43.5% 31.9% 36.7% 58.5% 37.8% 35.1%
MN -23.2%-19.5%-19.9% 10.4% 7.2% 9.7% 42.6% 32.6% 42.4% 60.1% 39.8% 40.9%
MO -23.8%-22.6%-20.2% 9.0% 7.7% 12.1% 44.2% 34.0% 43.9% 62.0% 37.7% 39.8%
MS -25.1%-27.0%-28.3% 9.8% 7.8% 8.5% 40.5% 34.7% 34.3% 55.3% 39.4% 42.2%
MT -23.1%-17.5%-21.2% 2.5% 3.3% 8.4% 29.3% 22.3% 31.2% 46.0% 29.3% 36.1%
NC -24.5%-25.2%-26.6% 12.1% 9.8% 15.0% 50.2% 44.0% 53.7% 61.8% 50.4% 50.3%
ND -20.3%-12.4%-27.5% 5.9% 9.6% 8.4% 40.0% 34.1% 46.1% 52.3% 31.9% 50.9%
NE -24.2%-26.8%-21.8% 9.3% 8.9% 8.5% 41.5% 35.4% 39.6% 55.6% 34.9% 43.6%
NH -17.5%-23.5%-18.8% 12.8% 8.5% 14.0% 42.2% 35.7% 39.8% 59.0% 43.3% 36.7%
NJ -20.2%-20.7%-21.6% 13.3% 8.9% 12.3% 48.2% 41.2% 44.6% 66.0% 54.6% 55.9%
NM -24.3%-20.9%-24.7% 10.9% 6.0% 10.0% 45.6% 34.8% 44.5% 71.0% 47.4% 60.8%
NV -16.5%-15.0%-10.7% 7.5% 8.1% 13.6% 35.4% 29.7% 49.7% 58.8% 41.3% 52.1%
NY -24.8%-23.2%-21.9% 14.4% 10.3% 11.5% 50.0% 39.2% 47.9% 67.8% 52.9% 57.0%
OH -22.8%-22.1%-18.3% 9.9% 5.8% 11.2% 46.6% 31.6% 41.4% 61.3% 35.4% 43.9%
OK -23.5%-22.3%-24.3% 10.3% 7.3% 12.7% 45.5% 37.2% 41.9% 60.9% 39.1% 46.3%
OR -19.5%-16.0%-18.9% 7.9% 3.5% 6.1% 33.9% 24.4% 33.6% 52.6% 25.9% 32.5%
PA -20.0%-19.9%-17.9% 12.3% 7.1% 10.3% 49.2% 36.1% 48.8% 67.1% 45.4% 51.9%
RI -21.7%-23.8%-22.8% 9.2% 4.3% 8.5% 42.7% 35.3% 36.2% 58.1% 47.1% 53.6%
SC -25.8%-24.9%-27.7% 10.9% 7.7% 5.2% 46.8% 39.7% 45.0% 55.7% 49.4% 30.5%
SD -22.8% -24.2% 5.9% 16.1% 39.4% 55.3% 52.8% 41.4%
TN -27.9%-30.4%-34.5% 12.7% 9.0% 8.4% 49.2% 39.5% 45.2% 64.9% 44.6% 43.8%
TX -27.1%-25.0%-25.2% 13.2% 7.8% 10.7% 52.4% 38.8% 42.6% 66.9% 38.4% 47.1%
UT -26.4%-13.9%-20.5% 3.9% 4.5% 3.7% 31.5% 26.1% 27.9% 54.7% 31.0% 32.3%
VA -25.5%-26.2%-30.0% 11.7% 9.1% 15.3% 50.4% 42.8% 52.4% 67.4% 57.5% 61.9%
VT -24.0%-30.0%-23.1% 9.0% 8.6% 6.0% 30.4% 31.8% 35.4% 44.8% 42.3% 52.0%
WA -22.8%-14.3%-14.0% 7.2% 7.8% 9.7% 37.6% 28.7% 42.8% 51.5% 33.7% 43.4%
WI -24.1%-18.9%-14.7% 8.2% 4.7% 9.0% 39.3% 28.4% 36.4% 56.5% 32.2% 32.1%
WV -24.3%-26.1%-26.8% 8.5% 4.5% 5.5% 40.4% 30.9% 32.6% 53.0% 32.5% 47.5%
WY -21.5%-13.0%-12.7% 5.4% 3.9% 24.3% 27.0% 22.6% 48.6% 40.6% 21.9% 46.1%                    Table 2
                  Response of Plant Wages to Employment Shocks
Dependent Variable: % Change in Plant Average Wages (t-1 to t)
State Employment Change Coefficient t-statistic p value
t 0.0714 4.72 0.0001
t-1 -0.0063 -0.39 0.6981
t-2 0.0528 3.47 0.0005
t-3 0.0926 6.82 0.0001
t-4 -0.0674 -4.58 0.0001
t-5 0.0101 0.67 0.5023
t-6 -0.0818 -5.39 0.0001
t-7 0.0483 3.25 0.0012
t-8 -0.0665 -4.00 0.0001
t-9 -0.0245 -1.32 0.187
Industry Employment Change
t 0.0272 3.49 0.0005
t-1 -0.0066 -0.80 0.4222
t-2 0.0121 1.44 0.149
t-3 0.0159 2.06 0.0397
t-4 0.0325 3.45 0.0006
t-5 0.0195 2.13 0.0329
t-6 0.0250 2.43 0.0152
t-7 0.0399 4.01 0.0001
t-8 0.0259 2.56 0.0104
t-9 -0.0232 -1.65 0.0998
Notes: State employment change is the percentage change in employment in the state excluding
the industry.  Industry employment change is the percentage change in employment in the
industry outside the state.  All changes are normalized to be mean zero in every year.Figure 5: Response of Plant Wages to Regional and Industry Employment Shocks











































Own State, Other Industry Own Industry, Other StateTable 3:  Wage Regressions
Log Real Weekly Wages
Variable 1970 1980 1990
INTERCEP -0.157*** -5.70e-6 -4.70e-6
(26.00) (0.013) (0.012)
BLACK -0.325*** -0.262*** -0.206***
(98.55) (167.20) (138.81)
HISP -0.227*** -0.205*** -0.161***
(33.48) (107.66) (118.45)
EXP 0.161*** 0.142*** 0.155***
(176.70) (348.86) (357.82)
EXP2 -8.28e-3*** -7.39e-3*** -7.72e-3***
(107.90) (201.65) (207.81)
EXP3 1.83e-4*** 1.72e-4*** 1.74e-4***
(77.67) (145.04) (149.34)
EXP4 -1.49e-6*** -1.50e-6*** -1.50e-6***
(62.98) (119.73) (122.52)
NOHSD -0.218*** -0.231*** -0.248***
(91.61) (189.26) (205.27)
SOMECOLL 0.109*** 0.078*** 0.112***
(38.28) (68.47) (113.67)
BA 0.436*** 0.359*** 0.463***
(122.51) (253.57) (383.99)
ADVDEG 0.485*** 0.438*** 0.631***
(103.75) (249.52) (411.41)
WEEKWRK 3.27e-3*** 5.95e-3*** 10.09e-3***
(26.28) (118.27) (223.23)
NONMETRO -0.101*** -0.090*** -0.108***
(43.15) (75.07) (101.24)
N 406536   2094208  2223036
R
2 0.31 0.30 0.40
Notes:  State dummies included.  *** indicates significance at the 1% level.Table 4
Changes in Residual Wage Inequality
(Pooled National Regressions)
1970 1980 1990
90-10 Ratio 1.164 1.209 1.282
Change 0.045 0.073
90-50 Ratio 0.512 0.535 0.582
Change 0.023 0.047
50-10 Ratio 0.652 0.675 0.701
Change 0.023 0.026
Changes in Residual Wage Inequality
(Separate State Regressions)
1970 1980 1990
90-10 Ratio 1.151 1.202 1.275
Change 0.051 0.073
90-50 Ratio 0.507 0.531 0.579
Change 0.024 0.048
50-10 Ratio 0.643 0.671 0.697
Change 0.028 0.026Table 5: Wage Inequality 90 - 10 Differentials
   (Residuals from National Level Regressions)
State 1970 State 1980 State 1990
CT 1.01310 NH 1.08611 NH 1.12899
PA 1.02655 RI 1.11204 RI 1.15529
WI 1.04326 CT 1.11629 VT 1.15984
ME 1.04486 PA 1.12144 CT 1.16751
OH 1.05025 OH 1.12743 MD 1.16879
IN 1.05591 WI 1.13308 DE 1.17011
NJ 1.06629 ME 1.13324 VA 1.18657
MA 1.06794 VT 1.13559 NC 1.18868
MI 1.07588 NJ 1.13705 ME 1.19048
OR 1.08399 MA 1.13778 MA 1.19698
IL 1.09182 NC 1.14656 WI 1.212
MN 1.09303 MN 1.15227 SC 1.21238
NH 1.10414 MD 1.15645 IA 1.22263
RI 1.12168 IA 1.16078 NE 1.22336
NY 1.12348 SC 1.162 NJ 1.22705
MD 1.12970 IL 1.16625 PA 1.2311
VT 1.13820 NE 1.16896 OH 1.23172
WY 1.14331 IN 1.17185 SD 1.23475
UT 1.14368 VA 1.17399 KS 1.23572
WA 1.14643 KS 1.17642 GA 1.2473
ID 1.15516 DE 1.18211 WA 1.24785
KS 1.16597 MI 1.19022 IN 1.25021
IA 1.16600 NY 1.20196 AR 1.25295
DE 1.16842 ID 1.20926 MN 1.25504
AR 1.18471 WA 1.21082 ID 1.25917
OK 1.18845 UT 1.21519 TN 1.26158
CO 1.21090 AR 1.22184 AL 1.26277
NE 1.21220 TN 1.22387 HI 1.26464
MO 1.21952 MO 1.2261 ND 1.28276
SC 1.22551 GA 1.23226 IL 1.28486
NC 1.22848 HI 1.2403 MI 1.29513
WV 1.22918 OR 1.24477 CO 1.2965
SD 1.23490 OK 1.24943 UT 1.29686
CA 1.23703 CO 1.25027 MO 1.31029
TN 1.25293 ND 1.25173 OK 1.31197
VA 1.25664 AL 1.2536 MS 1.32043
AL 1.26142 FL 1.27309 KY 1.32224
AZ 1.26375 TX 1.28065 FL 1.32839
MT 1.26999 WV 1.28073 OR 1.32906
TX 1.27554 CA 1.28309 NY 1.33142
FL 1.28121 KY 1.2869 DC 1.33349
DC 1.28421 MT 1.29133 TX 1.34339
GA 1.28618 NV 1.29379 NM 1.35397
NM 1.30236 AZ 1.31669 CA 1.35524
HI 1.30438 NM 1.31818 AZ 1.35716
KY 1.30978 WY 1.32922 NV 1.36228
NV 1.33925 MS 1.32971 WY 1.37519
ND 1.34187 LA 1.37362 WV 1.38325
MS 1.34829 DC 1.37483 MT 1.38571
LA 1.36953 AK 1.60314 LA 1.39944
AK 1.63356 SD . AK 1.60416Table 6: Changes in Wage Inequality 90 - 10 Differentials
State 1970-80 State 1980-90 State 1970-90
ND -0.09014 DE -0.012 VA -0.07007
VA -0.08265 MS -0.00928 ND -0.05911
NC -0.08192 AL 0.00917 NC -0.0398
HI -0.06409 MD 0.01234 HI -0.03974
SC -0.06351 VA 0.01258 GA -0.03888
GA -0.05391 GA 0.01504 MS -0.02785
NV -0.04547 VT 0.02425 SC -0.01313
NE -0.04324 HI 0.02435 AL 0.00136
TN -0.02906 LA 0.02582 DE 0.0017
KY -0.02288 ND 0.03103 TN 0.00865
MS -0.01857 AR 0.03111 NE 0.01116
NH -0.01803 KY 0.03534 KY 0.01246
RI -0.00963 NM 0.03579 VT 0.02164
FL -0.00812 WA 0.03704 NV 0.02303
AL -0.00781 TN 0.03771 NH 0.02484
IA -0.00522 AZ 0.04047 LA 0.02991
VT -0.00261 NC 0.04212 RI 0.03361
LA 0.00409 NH 0.04288 MD 0.03908
TX 0.00512 RI 0.04325 FL 0.04718
MO 0.00657 WY 0.04596 NM 0.05161
KS 0.01045 CO 0.04623 IA 0.05663
DE 0.0137 ID 0.04992 TX 0.06786
NM 0.01582 SC 0.05038 AR 0.06824
MT 0.02134 CT 0.05122 KS 0.06975
MD 0.02674 NE 0.0544 CO 0.0856
AR 0.03713 FL 0.0553 MO 0.09076
CO 0.03937 ME 0.05724 AZ 0.09342
CA 0.04607 MA 0.0592 WA 0.10143
WV 0.05156 KS 0.0593 ID 0.10402
AZ 0.05295 IA 0.06185 MT 0.11572
ID 0.0541 OK 0.06254 CA 0.11822
MN 0.05924 TX 0.06274 OK 0.12351
OK 0.06098 NV 0.06849 MA 0.12903
WA 0.06439 CA 0.07215 ME 0.14562
MA 0.06984 IN 0.07837 UT 0.15318
NJ 0.07076 WI 0.07892 WV 0.15407
UT 0.07151 UT 0.08167 CT 0.1544
IL 0.07443 MO 0.08419 NJ 0.16076
OH 0.07718 OR 0.08429 MN 0.16202
NY 0.07848 NJ 0.09 WI 0.16874
ME 0.08838 MT 0.09438 OH 0.18147
WI 0.08982 WV 0.10251 IL 0.19304
PA 0.09489 MN 0.10278 IN 0.1943
CT 0.10318 OH 0.10429 PA 0.20455
MI 0.11434 MI 0.10491 NY 0.20794
IN 0.11593 PA 0.10966 MI 0.21925
OR 0.16078 IL 0.11861 WY 0.23188
WY 0.18592 NY 0.12946 OR 0.24507Changes in the log 90-10 ratio, 1970-80
0.08 to 0.22   (9)
0.04 to 0.08  (14)
0.02 to 0.04   (4)
-0.02 to 0.02  (11)
-1.2  to -0.02  (13)
Figure 6: Changes in Inequality
Changes in the log 90-10 ratio, 1980-90
0.08 to 1.23  (12)
0.07 to 0.08   (5)
0.05 to 0.07   (8)
0.03 to 0.05  (12)
-0.03 to 0.03  (14)Figure 7













































































 Impact of States with Largest and Smallest Inequality Increases
90-10 Difference (Levels)
1970 1980 1990
All States 1.164 1.210 1.282
Excluding 6 Small   1.154 1.209 1.289
Excluding 6 Large   1.204 1.228 1.285
90-10 Difference (Changes)
All States 0.046 0.073
Excluding 6 Smallest 0.055 0.080
Excluding 6 Largest 0.025 0.056Table 8
Mean Reversion in State Residual Wage Inequality
Dep. Var.:        Inequality Change, 1970-1980 Inequality Change, 1980-1990
Coefficient t Stat Coefficient t Stat
Intercept 0.536 6.406 0.2412.928
Initial Inequality -0.428 -6.083 -0.154-2.272
R2  0.429 0.080
N 49 49Table 9
Explaining Changes in State Residual Wage Inequality
Dependent Variable: log (state 90-10 ratio)
(residuals from log wage regression)






















2 0.29 0.21 0.42
+ 0.14 0.00 0.29 0.45 0.04 0.18 0.04
N 149 149 99 149 149 149 149 149 149 149
All regressions were estimated using state fixed effects. *** indicates significance at the 1% level. **
indicates significance at the 5% level. * indicates significance at the 10% level. South Dakota is missing
from the population census for 1980 and Hawaii is missing in all years from the LRD. Standard errors are
given in parentheses. 
+ The computer numbers are not available for 1970.Table 10
Explaining Changes in State Residual Wage Inequality
(with year dummies)
Dependent Variable: log (state 90-10 ratio)
(residuals from log wage regression)





















2 0.55 0.45 0.67
+ 0.45 0.48 0.45 0.46 0.45 0.45 0.48
N 149 149 99 149 149 149 149 149 149 149
All regressions were estimated using state fixed effects and time dummies. *** indicates significance at the
1% level. ** indicates significance at the 5% level. * indicates significance at the 10% level. South Dakota
is missing from the population census for 1980 and Hawaii is missing in all years from the LRD.  Standard
errors are in parentheses. 
+ The computer numbers are not available for 1970.Table 11
Explaining Changes in State Residual Wage Inequality
Dependent Variable: log (state 90-10 ratio)
(residuals from log wage regression)
(1) (2) (3) (4)
Durable -1.175*** -1.217*** -0.803*** -0.698***
(0.224) (0.228) (0.238) (0.243)
Machine -0.001 -0.011 0.014 -0.009
(0.024) (0.025) (0.027) (0.030)
Import -0.011 -0.168 0.259* 0.326**
(0.114) (0.139) (0.144) (0.148)
Export 0.039 -0.106 0.011 0.005
(0.121) (0.140) (0.109) (0.108)
Union 0.000 0.000 0.001 0.003
(0.002) (0.002) (0.002) (0.002)
Minwage -0.139*** -0.087 -0.151*** -0.045
(0.031) (0.095) (0.042) (0.079)
Immigrant -0.198 -0.444 -0.338 -0.837
(0.911) (0.932) (1.307) (1.322)
Procure -0.002 0.012 0.010 0.009
(0.009) (0.011) (0.011) (0.011)
Cycle -0.255*** -0.217*** -0.267** -0.312***
(0.075) (0.079) (0.100) (0.103)
Time dummies X X
R
2 0.64 0.65 0.81 0.82
N 149 149 99 99
All regressions were estimated using state fixed effects and time dummies. *** indicates
significance at the 1% level. ** indicates significance at the 5% level. * indicates
significance at the 10% level. South Dakota is missing from the population census for
1980 and Hawaii is missing in all years from the LRD.  Standard errors are in
parentheses.Table 12:  Explaining Changes in State Residual Wage Inequality
Dependent Variables:
 log (state 90-50 ratio) [columns 1,2]
 log (state 50-10 ratio) [columns 3,4]
(residuals from log wage regression)
(1) (2) (3) (4)
Durable -0.370*** -0.341*** -0.805*** -0.875***
(0.101) (0.103) (0.185) (0.189)
Machine -0.004 -0.011 0.003 0.00
(0.011) (0.011) (0.020) (0.021)
Import -0.085* -0.112* 0.074 -0.056
(0.051) (0.063) (0.094) (0.115)
Export 0.127** 0.085 -0.088 -0.192
(0.055) (0.063) (0.099) (0.116)
Union -0.000 -0.000 0.001 -0.000
(0.001) (0.001) (0.001) (0.001)
Minwage -0.112*** -0.032 0.026 -0.055
(0.014) (0.043) (0.026) (0.078)
Immigrant 1.261*** 1.041** -1.459* -1.485*
(0.412) (0.421) (0.754) (0.771)
Procure 0.001 0.004 -0.002 0.008
(0.005) (0.005) (0.007) (0.009)
Cycle -0.017 -0.022 -0.238*** -0.194***
(0.034) (0.036) (0.062) (0.065)
Time dummies X X
R
2 0.79 0.80 0.39 0.42
N 149 149 149 149
All regressions were estimated using state fixed effects. *** indicates significance at the 1% level. **
indicates significance at the 5% level. * indicates significance at the 10% level. South Dakota is missing
from the population census for 1980 and Hawaii is missing in all years from the LRD.